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CHARACTERISTICS OF RENAL BICARBONATE REABSORPTION 
IN MAN * 


By DONALD W. SELDIN, RICHARD M. PORTWOOD,7 ¢ FLOYD C. RECTOR, Jr. ano 
ROBERT CADE § 


(From The 


Department of Internal Medicine, The University of Texas Southwestern Medical 


School, Dallas, Tex.) 


(Submitted for publication January 26, 1959; accepted June 5, 1959) 


The reabsorption of filtered HCO, by the kid- 
ney is thought to result.not from the active reab- 
sorption of HCO, > ions but rather from the secre- 
tion of cellular H* in exchange for tubular Na‘ 
(1, 2). The secreted H* reacts with filtered 
HCO, to form H,CO, which then decomposes to 
CO, and H,O, thereby effecting the reabsorption 
of NaHCO,. The enzyme carbonic anhydrase, the 
inhibition of which blocks HCO,~ reabsorption, is 
thought to maintain an adequate supply of H* for 
secretion by accelerating the hydration of CO, 
within the renal cells. In support of this theory 
is the fact that HCO 
with plasma pCO, (3-5). 


reabsorption varies linearly 


Recently Schwartz, Falbriard and Relman (6) 
have suggested an alternative role for carbonic an- 
hydrase. By a kinetic analysis of the effects of 
partial inhibition of carbonic anhydrase on HCO, 


reabsorption during severe metabolic acidosis they 


found that at a given dose of Diamox® the recipro- 
cals of HCO,~ reabsorption and of plasma HCO,- 
concentration were linearly related. As carbonic 
anhydrase was progressively inhibited with in- 
creasing doses of Diamox® a family of lines typi- 
cal of substrate-enzyme-inhibitor kinetics was ob- 
tained. From these relationships it was suggested 
that 17CO, 
in which cellular carbonic anhydrase was the en- 


was reabsorbed by some mechanism 


zyme and filtered HCO,- (or some intermediate 


derived from it) was the substrate for the enzyme. 

* This work was supported in part by a grant from 
the National Institutes of Health, United States Public 
Health Service, and in part by a grant from the Dallas 
Heart Association. 

+ Work done as a Public Health Service 
the National Institute of Arthritis. and Metabolic Dis- 
eases, National Institutes of Health, Bethesda, Md. 
Division of Endocrinology, School 


Trainee of 


= Present address 
of Medicine, Duke University, Durham, N. C. 

§ Present address: The Department of Physiology, 
Cornell University Medical College, New York, N. Y. 


In order to examine further the role of carbonic 
the ef- 
Diamox® on the relationship between 


anhydrase in the reabsorption of HCO,-, 
fect of 
HCO,> reabsorption and plasma pCO, was stud- 
ied in normal subjects and in subjects with pre- 
existing metabolic acidosis. During the course of 
these experiments, certain relations between HCO, 
reabsorption, plasma HCO,> concentration and 
plasma pCO, became apparent which suggested 
that CO,' rather than filtered HCO,~ constituted 
the substrate involved in HCO, reabsorption. A 
series of in vitro experiments was then performed 
in which the kinetics obtained by Schwartz and 
his associates (6) were reduplicated, although 


neither enzyme nor inhibitor was involved. 


MATERIAL AND METHODS 


A total of 24 experiments was performed on 13 normal 
young men. All studies were done in the morning, the 
The subjects remained 


Maximum 


subjects having fasted overnight. 
recumbent throughout except when voiding. 
water diuresis was maintained in all experiments by the 
intravenous infusion of 5 per cent fructose (in some cases 
glucose) in water following the oral ingestion of 1,500 to 
2,000 ml. of distilled water. 

In five types of experiments the effects of carbonic an- 
hydrase inhibition alone and in combination with respira- 
tory alkalosis, respiratory acidosis, metabolic acidosis, and 
mixed metabolic acidosis-respiratory alkalosis were ob 
served. Carbonic anhydrase inhibition was produced by 
a single intravenous injection of 250 mg. of Diamox®. 
The alterations in acid-base composition were induced as 
follows: 

1) Respiratory alkalosis—by voluntary hyperventila 
tion, assisted by a Halliburton Intermittent Positive Pres- 
sure Breathing (IPPB) machine delivering 100 per cent 
oxygen. 

2) 


Respiratory acidosis—by inhalation of 6 to 6.5 per 


cent CO, in oxygen 


2 


3) Metabolic acidosis—by oral ingestion of a total of 


20 to 25 Gm. of NH,Cl during the 24 hours preceding the 


‘In this paper it is assumed that plasma and cellular 
CO, tensions are identical; therefore plasma pCO, re- 
flects the effective concentration of intracellular CO.,. 
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rABLE I 


The effect of Diamox® on bicarbonate reabsorption during acute changes in plasma acid-base composition 


Subject Plasma Urine 
Age, 
Ht., Wt 
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* Injection of 250 mg. Diamox® intravenously 
Period of hyperventilation. 
Period of breathing 6 per cent CO 


experiment. In several studies chronic administration of 
15 Gm. NH,C1 daily for one to two weeks preceded the 
acute load 

4) Mixed metabolic acidosis-respiratory alkalosis 
hyperventilation in subjects who had previously ingested 
the 20 to 25 Gm. of NH,CL. 


The analytical methods were those described in a previ- 


by 


ous paper (/). 


RESULTS 
The results are presented in protocol form in 
Table I with inclusion of a representative example 


of each of the several types of experiments. Since 


chronic NH,CI acidosis was associated with the 
same response as acute NH.Cl loads, only one in- 
stance of the latter is charted. It is apparent from 
these data that, regardless of plasma acid-base 
composition, the administration of Diamox® was 
associated with a reduction in HCO, > reabsorption 
whether expressed in absolute terms or as mEq. 
reabsorbed per 100 ml. of glomerular filtrate. 

In Figure 1 the effects of the different experi- 
mental procedures on plasma [HCO,-] and pCO, 


are plotted. It is noteworthy that metabolic acido- 
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sis was accompanied by only a slight decrease in 
plasma pCO, despite a marked depression in 
plasma concentration of HCO,-. In the other ex- 
perimental states the plasina [HCO,-] was re- 
lated to pCO, in a roughly linear fashion. 

Following the administration of Diamox®, 
HCO,> reabsorption was linearly related to plasma 
pCO, (Figure 2). The regression equation de- 
scribing this relationship is Y = 0.61 + 0.028 X. 
Brazeau and Gilman (3), Relman, Etsten and 
Schwartz (4) and Dorman, Sullivan and Pitts 
(5) have previously shown that HCO,- reabsorp- 
tion was linearly related to plasma pCO, in the 
presence of normal carbonic anhydrase activity. 
Thus, inhibition of carbonic anhydrase does not 
disturb this linear relationship. 

The administration of Diamox® during NH,Cl 
acidosis resulted in moderate HCO, excretion 
(200 to 300 pEq. per minute) despite the reduced 
concentration of HCO, in plasma. As seen in 
Figure 2 the values for HCO,> reabsorption are 
somewhat skewed below the regression line. Al- 
though this skewed distribution is not striking, it 
is conceivable that the reduced concentration of 
HCO, 


dosis partially limited the reabsorption of HCO.,, 


in glomerular filtrate during NH,CI aci- 


despite the excretion of moderate amounts of 
HCO, into the urine. 
Schwartz and associates (6) have reported that 
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at a given dose of Diamox® HCO, reabsorption 
was approximately proportional to plasma HCO,- 
concentration. In the present experiments this 
same proportionality was also apparent (Figure 
3). However, at approximately the same plasma 
[HCO,-], 


less during respiratory alkalosis than during meta- 


the reabsorption of HCO, was much 


bolic acidosis (Figure 3). In respiratory alka- 
losis and metabolic acidosis, plasma [HCO,-| (and 
the filtered load of HCO,>) were comparably de- 
pressed, yet during respiratory alkalosis 30 to 40 
per cent of the filtered HCO,- was excreted while 
in metabolic acidosis only 7 to 15 per cent of the 
filtered HCO, 
HCO,> reabsorption between respiratory alkalosis 


was excreted, This difference in 
and metabolic acidosis was probably the conse- 
quence of the fact that in respiratory alkalosis 
|HCO,-| 


whereas in metabolic acidosis the depression in 


plasma pCO, falls more than does, 
plasma |HCO,,-| is far greater than any decrease 
in plasma pCO, (Figure 1). These observations 
suggest that during HCO. diuresis plasma pCO, 
is a more important determinant of HCO,~ reab- 
sorption than is the concentration of HCO,>. 

To examine whether the correlation between 
plasma [HCO,>| and HCO 


ciprocal plot establishes the existence of an inter- 


reabsorption in a re- 


action between filtered HCO, and cellular car- 


bonic anhydrase in the course of HCO, reab- 
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The plasma pCO, could not be reduced below 14 mm. 
Hg because of the development of tetany. For this rea- 
son the configuration of the lower portion of the curve 
The dotted extensions to the ver- 


This 


could not be examined 
tical axis represent two alternative possibilities. 


area of the curve is currently being studied in dogs 


sorption, as suggested by Schwartz and colleagues 
(6), or whether this same relationship might also 
the of H* 
(Table II) were performed to simulate the ef- 
of of H’ 
containing tubular fluid. 
HCO,- solutions, each contain- 


be result secretion, in vitro studies 


fects secretion ions into bicarbonate- 


Fifty ml. aliquots of 
different 
ing 15 mMoles per L. sodium phosphate (pH 7.4), 


seven 


were placed in 100 ml. fritted glass funnels and 
aerated with 8.23 per cent CO, for 15 minutes. 
At the end of this period 3 ml. samples were as- 
pirated into oiled syringes for measurement of 
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the initial [HCO,-] which ranged from 93.96 to 
8.97 mEq. per L. Next, 0.1 ml. 2.5 N HCl was 
added to each funnel. Again the samples were 
aerated for 15 minutes with 8.23 per cent CO, and 
3 ml. aliquots were once more removed for HCO,- 
determinations. An additional 0.1 ml. 2.5 N HCl 
(giving a cumulative value of 0.50 mEq. HCl) was 
then added to each funnel and the procedure re- 
peated. Altogether a total of 0.4 ml. of 2.5 N 
HCl was added to each funnel in increments of 
0.1 ml. The difference between the initial HCO, 
concentration and the HCO, 
each increment of acid represents the quantity 
of HCO,- dissipated by the addition of HCl. 

It is clear from Table II that the quantity of 


concentration after 


HCO,- decomposed is not equivalent to the quan- 
tity of acid added, but more nearly approximates 
it at the higher initial HCO,” concentrations. The 
data in Table II are plotted in Figure 4, where the 
initial |HCO,~| concentrations are plotted along 
the horizontal axis and the quantities of HCO, 
decomposed (mEq. per L.) by each addition of 
acid are plotted along the vertical axis. It is ap- 
parent from this figure that the quantity of HCO,- 
decomposed for each quantity of acid added is re- 
lated to the initial [HCO,-] in a curvilinear fash- 
ion. 
(1/V) is plotted against the reciprocal of the ini- 
tial HCO,” concentration (1/S), a family of four 


If the reciprocal of the decomposed HCO,- 


straight lines is obtained, one for each total quan- 


tity of acid added (Figure 5). These lines inter- 


cept at the same point on the 1/S axis in a fashion 


typical of lines obtained by the kinetic analysis of 
noncompetitive enzyme inhibition, despite the fact 
that neither enzyme nor inhibitor participated in 
the in vitro reactions. The results of a similar 
experiment in which the concentration of sodium 
phosphate was 5 mMoles per L. rather than 15 
mMoles per L. are plotted reciprocally in Figure 6. 
The lines are similar to those in Figure 5. A com- 
parison of Figures 5 and 6 reveals that decreasing 
the buffer concentration decreases the slope of the 
lines. The results of these im vitro studies are in 
accord with what have been predicted from the 
kinetics of buffer equilibria; i.¢., the addition of 
HCI to buffered bicarbonate solutions can yield 
kinetics characteristic of noncompetitive enzyme 
inhibition. 

These in vitro reactions are analogous to the 
reabsorption of HCO,- by the secretion of H* into 
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the tubular lumen. It should not be inferred, how- relationship between plasma HCO,~ concentration 
ever, that the in vitro model exactly duplicated the and HCO, reabsorption during the administration 
conditions existing in the nephron; for instance, of Diamox® could arise from competition between 
the concentration of phosphate buffer used in these _ bicarbonate and nonbicarbonate buffer systems for 
studies greatly exceeded the concentration of phos- secreted H*. The competing buffering action, 
phate usually present in glomerular filtrate. The however, did not necessarily originate in the glo- 
studies simply demonstrated that the reciprocal merular filtrate, but could, instead, have arisen as 


TABLE II 
The addition of HCl to phosphate-buffered bicarbonate solutions 


47 ml. HCOs~ sol. 44 ml. HCOs;~ sol. 41 ml. HCOs~ sol 38 ml. HCOs™ sol 
+ 0.25 mEq. HCl + 0.50 mEq. HCl + 0.75 mEq. HCl + 1,00 mEq. HC! 
(5.32 mEq./L.) 11.38 mEq./L.) (18.30 mEq./L.) 26.30 mEq./L.) 


Initial HCO; HCO; HCO HCO 
C[HCOs-]*#+ CHCOs~]* decomposed [HCO;~}* decomposed HCO;~]* decompose C[HCO;-]}* decomposed 


mEq./L mEq./L mEq./L. mEq./L. mEq./L. mEq./L nEq./L mEq./L mEq 
93.96 89.75 4.21 82.74 11.22 16.89 70.71 
71.63 67.58 4.05 60.75 10.88 16.03 49.28 
47.99 44.12 3.87 37.67 10.32 ; 26.94 
29.09 25.68 3.41 20.27 8.82 q 10.34 
20.12 17.12 3.00 12.05 8.07 f 3.60 
12.07 9.60 2.47 5.65 6.42 

8.97 6.88 2.08 3.43 $.53 
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a result of cellular processes. If increasing inhibi- 
tion of carbonic anhydrase by Diamox® progres- 
sively diminished the available supply of H* ions 
and at the same time rendered the mechanism for 
net H* secretion sensitive to intraluminal pH,’ 
then filtered HCO 
with cellular processes for secreted H’*. 


would, in effect, be competing 
Under 
these conditions progressive elevation of the con- 
HCO 
similar to those shown in Figure 5. 


centration of filtered could yield curves 


Thus, similar 


* Net secretion of H+ during carbonic anhydrase inhibi- 
tion could be influenced by intraluminal pH in several 
ways. Davies (&) has recently suggested that carbonic 
anhydrase is located on the luminal surface of the tubular 
cell; 


cumulation of 


result in ac- 
thereby back- 

Inhibition of carbonic anhy- 
back-diffusion of H+ by 
the cell membrane to H+ 


anhydrase inhibition could 
H.CO,, 


secreted H 


carbon 
accelerating the 
diffusion of 
drase could also increase the 
increasing the permeability of 
ions. Finally, inhibition of carbonic anhydrase could 
sensitize the mechanism for active H+ transport to small 


changes in the pH of tubular urine. 
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kinetics would be obtained regardless of whether 
Diamox® diminished the secretion of H* into the 
tubular fluid or decreased the number of enzyme 
sites available for interaction with filtered HCO,-. 


DISCUSSION 


The reabsorption of filtered HCO, by the kid- 
ney in many respects resembles an active trans- 
port process involving enzyme-carrier molecules. 
Most of the criteria usually invoked to estab- 
lish the existence of a specific carrier mecha- 
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nism, #.¢. saturation, competitive inhibition, spe- 
cific inhibition, and kinetics characteristic of 
an enzyme-substrate interaction (9), have been 
demonstrated for the reabsorption of HCO,-. 
First, Pitts and Lotspeich (10) have shown that 
in normal animals elevation of the filtered load of 
HCO, saturated the tubular reabsorptive mecha- 
nism at a HCO, Tm of approximately 2.6 mEq. 
per 100 ml. glomerular filtrate. Second, Hilton 
and his associates (11) have presented evidence 
that in acute respiratory acidosis the administra- 
tion of NaCl depressed the HCO,” Tm, suggesting 
competition between Cl and HCO,- for carrier 
sites. Third, carbonic anhydrase inhibitors spe- 
cifically block HCO,> reabsorption without impair- 
ing other metabolic processes of renal tissue. Fi- 
nally, Schwartz and co-workers (6) have found 
that the relationship between HCO, reabsorption 
and the concentration of plasma HCO, during 
partial inhibition of carbonic anhydrase with 
Diamox® was typical of substrate-enzyme-in- 
hibitor kinetics. In the light of these data, the 
possibility exists, at least on theoretical grounds, 
that the formation of a bicarbonate-carbonic an- 
hydrase complex mediates the active removal of 
HCO,- from the tubular lumen. 

According to a more widely accepted theory 
(1, 2), the primary process in HCO,~ reabsorption 
is the secretion of cellular H* in exchange for tu- 
bular Na*. The secreted H* reacts with HCO,- 
to form H,CO, which then decomposes to CO, 
and H,O. According to this theory the H* in- 
volved in HCO,~ reabsorption arises from the hy- 
dration of CO, catalyzed by carbonic anhydrase. 

Two of the criteria listed as evidence supporting 
the theory of active HCO, reabsorption, i.e. satu- 
ration and specific inhibition with Diamox®, how- 
ever, are equally consistent with the theory of H* 
secretion. So, too, the enhanced excretion of 
HCO,- following NaCl loads (11) is not conclu- 
sive evidence of competitive inhibition, inasmuch as 
this effect could equally well result from a limi- 
tation on Na* reabsorption. The question then 
arises of whether the demonstration of typical 
substrate-enzyme-inhibtor kinetics (6) establishes 
the existence of active HCO, reabsorption in- 
volving carbonic anhydrase as the carrier molecule, 
or whether these same kinetics are compatible 
with the theory that HCO,- is reabsorbed as the 
passive consequence of H* secretion. The results 
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of our im vitro experiments showed that a linear 
relationship between the reciprocals of HCO, 
reabsorption and plasma [HCO,~] was nonspecific, 
equally compatible with either of the above men- 
tioned theories of HCO,~ reabsorption. 

While the results of these in vitro studies do 
not exclude the existence of active HCO,~ reab- 
sorption involving carbonic anhydrase as the car- 
rier molecule, other lines of evidence render it un- 
likely. First, the elevated urinary CO, tensions 
observed during NaHCO, infusions (10) could 
not be explained if active transport were the sole 
mechanism for HCO, reabsorption. Second, the 
linear relationship between plasma pCO, and 
HCO,> reabsorption (3-5) would be difficult to 
explain if the reabsorption of HCO, were accom- 
plished solely by an interaction between cellular 
carbonic anhydrase and filtered HCO,. To explain 
this effect it would be necessary to propose that the 
activity of carbonic anhydrase varied linearly with 
pCO,. Studies in this laboratory by Carter, Seldin 
and Teng (12), however, have shown that the ac- 
tivity of carbonic anhydrase in rat kidney was not 
measurably increased in chronic respiratory aci- 
dosis. While it is possible that CO, increases the 
in vivo activity of the enzyme in such a way that 
no change is detectable by an in vitro assay, 
Roughton and Booth (13) have demonstrated that 
lowering pH actually depressed the activity of 
carbonic anhydrase. Thus, intracellular acidosis 
accompanying respiratory acidosis would be ex- 
pected to inhibit rather than accelerate HCO,~ re- 
absorption. The linear relation between plasma 
pCO, and HCO, reabsorption, therefore, supports 
the theory that HCO,- is reabsorbed as the pas- 
sive consequence of H* secretion rather than the 
active removal of HCO, ions from the tubule 
lumen. 

The failure of complete carbonic anhydrase in- 
hibition to abolish HCO, reabsorption (14) 
raises the question of whether there might be a 
second mechanism for the reabsorption of HCO,” 
not involving the secretion of Ht. The results of 
the present studies, however, indicate that follow- 
ing the administration of 250 mg. Diamox® intra- 
venously HCO,~ reabsorption is still linearly re- 
lated to plasma pCO,, despite marked inhibition of 
carbonic anhydrase activity.* This suggests that 


7 Counihan, Evans and Milne (15) have shown that 90 
to 95 per cent of the maximally achievable inhibitory 
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all HCO,> reabsorption results from the secretion 
of H’* and that the uncatalyzed hydration of CO, is 
an important source of H* for the Na*—-H* ex- 
change process. 

The demonstration that the uncatalyzed hydra- 
tion of CO, constitutes an important source of H* 
for the reabsorption of HCO,> affords an explana- 
tion for the failure of Diamox® to produce maxi- 
mum HCO, diuresis during metabolic acidosis. 
It was shown in Figure 1 that the concentration 
of plasma HCO,- was depressed in NH,Cl acido- 
sis without a commensurate decrease in plasma 
pCO,. Therefore, under these circumstances, the 
quantity of HCO,> filtered was reduced, but the 
capacity of the uncatalyzed hydration of CO, to ef- 
fect the reabsorption of HCO, remained com- 
paratively unchanged. Thus, when the plasma 
HCO,> concentration fell in metabolic acidosis to 
the point where the filtration of HCO, was equal 
to the capacity of the uncatalyzed hydration of 
CO, to reabsorb HCO,~, Diamox® no longer pro- 
duced a HCO, diuresis. Following the adminis- 
tration of 250 mg. Diamox® the reabsorption of 
HCO, at a plasma pCO, of 35 mm. Hg (the av- 
erage pCO, during metabolic acidosis) was ap- 
proximately 1.5 mEq. per 100 ml. glomerular fil- 
tration rate (GFR) (Figure 2), presumably due 
to the uncatalyzed hydration of CO, and any 
residual uninhibited carbonic anhydrase. There- 
fore, in man given this amount of Diamox® reab- 
sorption of HCO, would be virtually complete 
when the plasma HCO,- concentration fell below 
about 15 mEq. per L., a level similar to that ob- 
tained in man by others (15). On the other 
hand, depression of the plasma HCO,~ concentra- 
tion to 15 mEq. per L. by hyperventilation dras- 
tically diminished the capacity of the uncatalyzed 
hydration of CO, to reabsorb HCO,-, and hence 
Diamox® would be expected to produce marked 
HCO,> diuresis despite the smaller quantity of 
filtered HCO,>. 


SUM MARY 


The pattern of renal HCO, reabsorption dur- 
ing various alterations in acid-base balance was 
examined in 13 normal subjects with and without 
the administration of Diamox®. Following the 


effects of Diamox® are obtained in man by the intravenous 
injection of 250 mg. of the drug. 
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administration of Diamox® HCO, reabsorption 
varied linearly with plasma pCO,, as described by 
the regression equation Y = 0.61 + 0.028X. This 
linear relationship in the presence of marked in- 
hibition of carbonic anhydrase indicated that the 
uncatalyzed hydration of CO, was an important 
source of H* for the reabsorption of HCO,-. The 
failure of Diamox® to produce marked HCO,- 
diuresis during metabolic acidosis was attributable 
to nearly complete reabsorption of the small fil- 
tered load via the uncatalyzed hydration of CO,. 
In vitro studies, in which varying amounts of 
HCl were added to phosphate-buffered HCO, 
solutions, disclosed that the linear relationship be- 
tween the reciprocals of HCO,- reabsorption and 
plasma HCO,-, used as evidence for the active 
reabsorption of HCO,-, was equally compatible 
with the theory that HCO, is reabsorbed as the 
passive consequence of the secretion of H*. 
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CORRECTION 


On page 1279 of the paper “Evidence that a humoral agent 
stimulates the adrenal cortex to secrete aldosterone in experi- 
mental secondary hyperaldosteronism” by N. A. Yankopoulos, 
J. O. Davis, B. Kliman and R. E. Peterson (J. clin. Invest. 1959, 
38, 1278), credit for the double isotope derivative method is in- 
correctly attributed. The double isotope derivative procedure for 
analysis of aldosterone was developed by Kliman and Peterson. 
An editorial error resulted in the insertion of Davis and Yanko- 


poulos in the citation. 
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In the light of present knowledge hepatolenticu- 
lar degeneration is classified as a metabolic dis- 
ease, probably based on an inborn error of metabo- 
lism and transmitted by an autosomal recessive 
gene. The biochemical manifestations of Wilson’s 
disease have been studied extensively and were 
summarized in several recent reviews (1-4). The 
findings point to aberrations in copper and pro- 
tein metabolism, but the nature of the basic meta- 
bolic defect and the mechanism of the disease are 
still in the realm of speculation. 

The most consistent biochemical abnormality in 
Wilson’s disease is the deficiency of the copper 
containing a, globulin, ceruloplasmin. It was sug- 
gested that a defect in the production of this pro- 
tein may be the basic metabolic abnormality, and 
Wilson’s disease has been classed accordingly as 
one of the pathological conditions resulting from 
the congenital deficiency of a specific plasma pro- 
tein (5, 6). 

This paper describes, for the first time as far as 
we are aware, two patients with Wilson’s disease 
and normal serum concentration of ceruloplasmin. 
These two patients were investigated in detail, in- 
cluding studies with radioactive copper, in order 
to substantiate their diagnosis and also in the hope 
that the results might contribute to our knowledge 
of the basic mechanism of Wilson’s disease. For 


the purpose of comparison a third patient who 
exhibited all the typical clinical and biochemical 
characteristics of Wilson’s disease was also stud- 
ied by the same methods. 


* This work was presented in part at the Annual Meet- 
ing of the Canadian Clinical Investigation Society at 
Montreal, October 17, 1957. 

+ Supported by a grant from the National Research 
Council of Canada. 

t Elizabeth Arbuthnot Dyson Fellow of the University 
of Toronto. 

§ Metabolic Ward Fellow, Hospital for Sick Children, 
Toronto. 
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CASE MATERIAL 


Rob. M. and Ron. M. were brothers, sons of second 
cousins. The older (Rob. M.) had onset of symptoms at 
10 years of age and was diagnosed and treated by us for 
some time as a case of posthepatitic cirrhosis. Two 
years later his younger brother (Ron. M.) presented at 
11 years of age, with hepatosplenomegaly, an indurated 
liver and slight but definite laboratory evidence of liver 
dysfunction. This prompted investigation of the sibs for 
familial causes of cirrhosis. In the course of these stud- 
ies both were found to have an increased urinary copper 
excretion and aminoaciduria. Kayser-Fleischer rings 
were detected in both by slit-lamp examination. Neither 
of the patients developed neurological signs and symp- 
toms during life. They both ran a progressively down- 
hill course as far as their liver disease was concerned, 
with bouts of jaundice, and gradual loss of activity and 
appetite, followed by the development of portal hyper- 
tension and intractable ascites. Both died in hepatic 
coma approximately four years after the onset of signs 
and symptoms of their disease. 

The third patient (Mar. Ch.) exhibited all the char- 
acteristic clinical and biochemical manifestations of 
hepatolenticular degeneration. She was admitted at 12 
years of age for the investigation of neurological symp- 
toms suggestive of extrapyramidal tract damage. She 
had evidence of cirrhosis, biochemical findings typical of 
Wilson’s disease and, in addition, Kayser-Fleischer rings. 
Her neurological symptoms improved following prolonged 
treatment with BAL (2,3-dimercaptopropanol) and peni- 
cillamine (§,8-dimethyl cysteine) ; her cirrhosis however 
She developed portal hyperten- 
portacaval 


progressed relentlessly. 
sion and died in hepatic coma following 
anastomosis.! 


METHODS 


The method of Eden and Green was used to measure 
copper in the serum and quantitative 24 hour collections 
of urine (7). For tissue copper determinations 1 to 30 
Gm. of fresh tissue was digested completely in redistilled 
concentrated nitric acid (with a trace of Antifoam® 2). 
The resulting clear solutions were concentrated by fur- 
ther boiling, transferred quantitatively into volumetric 
flasks and made up to volume with copper-free distilled 
water. Suitable aliquots were taken then for copper 


1 Detailed case histories and clinical courses of these 
patients will be reported in a forthcoming publication. 
2 Dow-Corning. 
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determination by the method of Eden and Green (7). 
Duplicate analyses were performed on all urine and tissue 
samples and most of the sera. Pairs of blank and stand- 
ard samples were carried through the digestion procedure 
with each set of determinations. The confidence limits of 
the method were calculated according to Copeland (8), 
on the basis of pairs of parallel determinations on 22 nor- 
mal serum samples. The confidence limits for a single 
determination were 3¢0=+6.21 ug. per 100 ml. in a 
range of total copper levels from 89 to 150 ug. per 100 
ml. serum. 

Ceruloplasmin in the serum was estimated by its para- 
phenylene-diamine-oxidase (PPD oxidase) activity using 
the method of Ravin (9). The enzyme activity was ex- 
pressed as the optical density of the diluted reaction mix- 
ture as suggested in the original method (O.D. units). 

Radioactive copper studies were carried out in two 
of the patients (Ron. M. and Mar. Ch.). At the time 
of these experiments both patients were relatively well, 
afebrile and stabilized on a low and constant dietary 
copper (1.3 mg. per day) and moderately high and con- 
stant protein and caloric intake. Ron. M. had ascites, 
which was resistant to various forms of treatment, but 
was stabilized on a diet containing less than 100 mg. of 
sodium per day. He had most of his ascitic fluid re- 
moved by paracentesis (4,500 ml.) four days before the 
radioactive copper study. Following this his weight re- 
mained stable between 32 and 33 Kg. for the next 10 

. days. 

The studies with radioactive copper were carried out 
in the manner outlined by Jensen and Kamin (10). After 
a period of six hours, during which only clear fluids were 
allowed, an oral dose of copper acetate was given which 
contained 1 mc, activity in 1.1 mg. (Ron. M.) and 1.3 mg. 
(Mar. Ch.) copper. Heparinized blood samples were 
taken thereafter at regular intervals for 60 hours and 
fractional urine collections obtained for similar time in- 
tervals. Stools were pooled for 24 hour periods on three 
consecutive days with the aid of alternating carmine and 
charcoal markers. 

The packed red cell volume was determined in each 
blood sample, and this showed no significant variation. 
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Cu™ activity was assayed on suitable aliquots of plasma, 
urine and homogenized 24 hour stool collections in a 
scintillatiun well counter. Plasma albumin bound ac- 
tivity was measured in the supernate obtained by high 
speed centrifugation following precipitation of the globu- 
lins by 50 per cent saturation with ammonium sulphate 
(10, 11). Globulin bound activity was calculated as the 
difference between total plasma and albumin bound 
activity. 

The method of electrophoresis in a starch supporting 
medium was also used to assess the relative amounts of 
Cu“ bound to albumin and ceruloplasmin (12). Samples 
of 5 ml. of serum were used for these experiments and 
after electrophoretic separation, 1 cm. wide segments of 
the starch block were placed in perspex tubes and packed 
tightly by centrifugation. Direct counts were obtained 
on these preparations. The protein concentration was 
determined by a modified Folin-Ciocalteau technique (13) 
and was plotted to compare with the Cu™ distribution. 


RESULTS 
1. Urinary copper excretion 


All three patients had cupriuria of a marked 
degree. The highest and lowest observed 24 hour 
urinary copper outputs are shown for each patient 
in Table I. These figures can be compared to those 
obtained in three control groups: (1) children; 
(2) adults, either normal or suffering from various 
diseases ; and (3) children suffering from cirrhosis 
due to causes other than Wilson’s disease. It is 
evident from the figures that the three patients had 
cupriuria in excess of the controls and in a range 
reported by others in Wilson’s disease (14, 15). 
Administration of the decoppering agents BAL, 
ethylenediaminetetraacetic acid (EDTA) or peni- 
cillamine produced a marked increase in urinary 
copper output in all three patients. 


TABLE I 


Ranges of urinary copper excretion, serum paraphenylenediamine (PPD) oxidase activity and total serum copper 


levels in groups of controls and three patients* 





Urinary copper 


Subjects excretion 


Total serum 


Serum PPD oxidase 
i copper 


activity 








ue./24 hr. 
11-37 + =(10) 
<40 (10) 
10-100 (14) 


160-375 (8) 
110-590 (25) 
160-920 (13) 


Children 
Adults 
Cirrhosis, children 


Rob. M. 
Ron. M. 
Mar. Ch. 


Controls 


Patients 





* Figures in parentheses stand for number of individuals 


analyzed in the case of the individual patients. 


ug./100 ml. 
92-150 (12) 
88-124 (12) 
63-220 (6) 


(3) 
(S) 
(6) 


O.D. units 
0.385-0.670 
0.345-0.555 
0.214—0.612 


(20) 
(11) 
(8) 


123-169 
116-175 
28-69 


0.320-0.470 (6) 
0.021-0.054 (10) 


tested in the control groups and number of specimens 
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TABLE II 
Results of serum ceruloplasmin assays by various methods in groups of controls and patients included in this study 








Controls* 


Patients 








Method Normal 


3.6 + 0.73 
2.14-5.06 


Manometric PPDt oxidase (16),t 
uMole O2/ml./hr. 


PPD oxidase standardized against 24 
ceruloplasmin (4, 17),§ mg. % 16-33 


3444 


Immunochemical (18),|| mg. % 
27-38 


Cirrhosis 


Wilson's 


disease Rob. M. Ron. M. Mar. Ch. 








6.7+0.5 


39 + 10.3 9 
2-19 


19-56 


0.9 + 0.5 2.15 2.20 0.39 


5 26.6 
0-14 
22.0 4.0 





* In the control groups the means and standard deviations are shown and the lowest and highest values obtained 
in the group, except in the case of normals by the manometric method where the range of +2 standard deviations is shown. 


t PPD, paraphenylenediamine. 


t Courtesy of Dr. A. G. Bearn, Rockefeller Institute for Medical Research, New York. 
§ Courtesy of Dr. I. H. Scheinberg, Albert Einstein College of Medicine, New York. 
|| Courtesy of Dr. G. E. Cartwright, University of Utah, College of Medicine, Salt Lake City. 


2. Serum ceruloplasmin levels 


It can be seen in Table I that Mar. Ch’s. serum 
had markedly reduced PPD oxidase activity 
pointing to reduced serum ceruloplasmin level, a 
finding typical for Wilson’s disease (5, 14, 15). 
Ron. M., the younger of the two brothers, had his 
serum PPD oxidase activity measured on si: oc- 
casions within a period of three years. The vaiues 
fell within the normal range in all except one 
sample, in which the activity was minimally re- 
duced but still within the range of children suffer- 
ing from cirrhosis due to causes other than Wil- 
son’s disease. The serum PPD oxidase activity of 
the older brother (Rob. M.) was assayed by a 
slightly different enzymatic method elsewhere 
(16).° The result fell within two standard devia- 
tions from the mean of normals as shown in 
Table II. 

Because of the unusual nature of the above 
findings their confirmation was sought by other 
methods (Table II). Both by a manometric en- 
zyme assay (16)* and by a sensitive PPD oxidase 
method calibrated in terms of spectrophotometri- 
cally determined ceruloplasmin (17)*' Ron. M’s 
serum proved to have a ceruloplasmin content 
within the range of normal. In a third sample of 
the same patient’s serum the amount of cerulo- 


8 Courtesy of Dr. A. G. Bearn, Rockefeller Institute 
for Medical Research, New York. 

4 Courtesy of Dr. A. G. Bearn, Rockefeller Institute for 
Medical Research, New York. 

5 Courtesy of Dr. I. H. Scheinberg, Albert Einstein 
College of Medicine, New York. 


plasmin was measured by a quantitative immuno- 
chemical procedure (18).* The result, 22 mg. per 
100 ml. serum, was only slightly below the normal 
range of 27 to 38 mg. per 100 ml., obtained by the 
same method (Table II). In the same sample 
PPD oxidase activity measured in our laboratory 
amounted to 0.340 O.D. unit, a level just at the 
lower limit of our series of controls (Table I). 


3. Serum copper levels 


Total serum copper levels were also measured 
and are shown in Table I. Mar. Ch’s. serum cop- 
per was tested on six occasions; the range of 
these figures fell below the range of normals, as 
expected in Wilson’s disease (14, 15). The total 
serum copper levels of the two M. brothers, how- 
ever, were within the range of normal or higher 
Measurements of “direct” and “in- 


, 


than normal. 

direct reacting” copper were not performed but in 
a single serum specimen of Ron. M. the copper 
partition could be calculated from the total copper 
and ceruloplasmin content. The sample contained 
116 pg. copper and 22 mg. ceruloplasmin per 100 
ml., the latter by immunochemical determination. 
Based on 0.34 per cent copper in ceruloplasmin, 
the copper bound to ceruloplasmin was 75 pg. per 
100 ml. By subtracting this figure from the total 
serum copper content of 116 wg. per 100 ml., the 
derived value of 41 wg. per 100 ml. for noncerulo- 
plasmin bound copper was obtained, which 
amounted to 35 per cent of the total copper in 


6 Courtesy of Dr. G. E. Cartwright, University of 
Utah, College of Medicine, Salt Lake City. 
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the serum. Both these absolute and _ relative 
amounts of nonceruloplasmin bound copper in 
Ron. M’s case were higher than Markowitz and 
associates found in normals (18). 


4. Copper content of tissues 


The results of the tissue copper analyses are 
shown in Table III. The copper content of tis- 
sues was determined in five children 7 to 13 
years of age, who died of causes unrelated to Wil- 
son’s or liver disease. The results obtained in 
these children are very close to those found in 
adults by Gubler and colleagues (19). 

In the case of Rob. M., liver was the only tissue 
analyzed, the specimen having been obtained as a 
biopsy at the time of shunting operation. The 
copper content was 77 pg. per Gm. of wet tissue, 
a more than seven fold increase over the upper 
limit of copper content given for normal subjects 
and more than twice the highest value observed in 
cirrhosis. In the case of Ron. M. and Mar. Ch. 
post mortem material was available and several 
tissues were analyzed. Ron. M’s brain contained 
an excess of copper, compared to brains of both 
“normals” and patients suffering from cirrhosis. 
The copper content of his liver and kidney was far 
in excess of controls; these figures in fact are to 
our knowledge the highest ever reported in a 
case of Wilson’s disease. The same patient’s 
lung and spleen contained much less copper but 
it was still in excess of controls. Both the brain 
and the liver of the third patient (Mar. Ch.) con- 
tained an excess of copper, the liver far less than 
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in the other two patients. Her kidney contained 
normal amounts of copper, as did her lung and 
spleen. This patient had extensive treatment with 
BAL and penicillamine in the last two years of her 
life, which may have influenced these results. 


5. Cu** studies 


Radioactive copper studies were performed on 
two patients, Ron. M. and Mar. Ch. The results 
of the total plasma, the globulin and the albumin 
bound activity measurements, following the oral 
administration of Cu**, are plotted against time in 
Figure 1 and can be compared to values obtained 
in four normal adults by Jensen and Kamin, in 
experiments of identical design (10).? 

The response of the normals to a single oral 
dose of Cu** had the following characteristics: (1) 
An initial rapid rise in total plasma radioactivity 
was followed by a steep fall. The peak was 
reached within the first three hours. (2) Starting 
at six to eight hours following the administration 
of the dose a secondary rise occurred regularly, 
which was gradual and was maintained for the 
whole length of the experiment. (3) In three out 
of the four individuals, 60 hours after the adminis- 
tration of the Cu, the total plasma activity rose 
higher than the initial peak. (4) The plasma 
globulin bound activity showed a gradual rise dur- 
ing the whole time of the experiment and this ac- 
counted for the secondary rise in total plasma ac- 

7 These data are reproduced with the kind permission 


of the authors and the Journal of Laboratory and Clinical 
Medicine. 


TABLE Ill 


Copper content of tissues in groups of controls and patients 








No. of 


Subjects Cases 


Kidney 





Controls* Children 


Adultst 

Cirrhosist 
(adults) 

Rob. M. 


Ron. M. 
Mar. Ch. 


Patients 
24 
57 





* In the control groups the means and the range are shown. 
+ Gubler and associates (19). 


ug./Gm., wet tissue 
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dl 


Total plasma 





myc/ml 


activity 


oe Mar. Ch 
o—o Ron M 
-—~ Normals 





9912 














Globulin bound activity 


a 


j++ 4 ‘ 
912 18 24 36 


bound activity 





"= 
“One ae oe on 
4 




















9912 18 24 

Time in hours 
Fic. 1. Torat PLrasmMa, ALBUMIN AND GLOBULIN Bounp Activity PLOTTED 
AGAINST TIME FOLLOWING ADMINISTRATION OF SINGLE ORAL DosE or Cu™ 


single dose of Cu®* in a manner typical for Wil- 
son’s disease (10, 11, 20). In her case the initia. 
peak of total plasma activity was not followed by a 
secondary rise, but a gradual fall. The albumin 


tivity. (5) The albumin bound activity showed an 
early peak which was followed by gradual de- 
cline of the activity in this fraction. The albumin 
bound activity accounted for the initial peak of 


the total plasma activity (10, 11, 20). 

The patient Mar. Ch., exhibiting all the clinical 
and biochemical characteristics of Wilson’s disease 
including a markedly reduced serum ceruloplasmin 
level, responded to the oral administration of a 


bound activity closely paralleled the curve of total 
plasma activity and the globulin bound activity 
showed an initial rise followed by a gradual fall 
instead of the gradual and sustained rise typical 
for control subjects (Figure 1). This type of re- 
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Ron M 





Counts 
per min 


4200 














Optical 


density 
4800} 1-64 
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Ge 
12 hre. 
8 
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Tube number 


Fic. 2. 
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Tube Number 


ELECTROPHORETIC DistRIBUTION OF Cu“ Activity FoLLOWING ADMINISTRATION OF 


SINGLE ORAL Dose or Cu™ 


The heavy lines connecting the closed circles show the distribution of radioactivity. 
tein distribution curve is represented by the light lines connecting open circles. 


The pro 
A cross- 


hatched box marks the area of the origin and the arrow points in the direction of migration. 
The time at which the sample was drawn following the administration of Cu” is shown at the 


lower left corner of the individual plots. 


sponse in cases of Wilson’s disease does not sug- 
gest incorporation of Cu** into ceruloplasmin but 
was shown by Bush and co-workers to be due to 
contamination of the 50 per cent ammonium sul- 
fate precipitate with albumin bound Cu® (11). 
The results obtained in the case of Ron. M. were 
of special interest because this patient had a normal 
serum ceruloplasmin level. In spite of this, he 
gave a response similar to Mar. Ch. and other 
cases of Wilson’s disease. There was no second- 
ary rise in his total plasma activity and no rise in 


globulin bound activity but a gradual slow fall fol- 
lowing a slight initial rise (Figure 1). 

The electrophoretic distribution of the protein 
bound Cu activity, observed in the course of the 
above two experiments, is shown in Figure 2. 
In the case of Mar. Ch., no measurable amount 
of radioactivity appeared in the a, globulin frac- 
tion which contains ceruloplasmin, in sera col- 
lected 1, 3, 6 and 12 hours after oral administration 
of Cu®*, Similarly in Ron. M. activity did not ap- 
pear in the a, globulin of sera collected 1, 3, and 6 
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TABLE IV 


Excretion of Cu® in the urine and stool 
following oral administration 


No. of 


cases Urine Stool 


% of orally administered dose 
Controls* 
Normalt 0.1 67 
0.05—0.12 45-94 


1.93 55 
0.2-4.4 36-85 


Wilson’s diseaset 


Patients 


Mar. Ch. i 1.12 34 

Ron. M. 1 0.83 60 

*In the control groups the means and the range are 
shown. 

+ Combined data of Bush and colleagues (11) and Jensen 
and Kamin (10). 


On the 
other hand substantial amounts of activity were 


hours following the ingestion of Cu®*. 


present in the region of albumin in all sera. 

Bearn and Kunkel showed in similar experi- 
ments that in normal individuals following the ad- 
ministration of a single oral dose of Cu® radio- 
activity first appeared in the region of albumin. 
This was soon followed by an appearance of activ- 
ity in the a, globulin region, whereas the albumin 
They 


found six hours following the administration of 


bound activity decreased simultaneously. 


Cu approximately 50 per cent of the activity 
bound to a, globulin, presumably ceruloplasmin 
(21). 
ceruloplasmin did not occur in cases of Wilson's 
disease studied by Bearn and Kunkel (21) nor 


This shift of copper from albumin into 


did it occur in our two cases of Wilson’s disease 
(Mar. Ch. and Ron. M.). ; 
Urinary and fecal excretion of Cu®* was also 
measured in both Ron. M. and Mar. Ch. for three 
days following the oral administration of Cu**. 
It was found previously by others (10, 11, 20) that 
patients suffering from Wilson’s disease excrete a 


higher percentage of a single oral dose of radio- 
active copper in the urine and a lower percentage 
in the stool than normals. As can be seen in 
Table IV both Mar. Ch. and Ron. M. excreted a 
much higher percentage of the administered Cu® 
in the urine than did normals. Their values fit 
into the range found in Wilson’s disease (10, 11, 
20). Mar. Ch. excreted less Cu® in the stool than 
did normals in similar experiments. Ron. M., the 


patient with a normal serum ceruloplasmin level, 
excreted 60 per cent of the orally administered 
dose in the feces, which is within the range of both 
normals and Wilson’s disease. 


DISCUSSION 


The finding of normal blood levels of ceruloplas- 
min is the one important feature of the biochemical 
picture in the two M. brothers which does not fit 
the characteristic pattern of Wilson’s disease. 
While this statement is based on a single observa- 
tion in one of the patients, the other was closely 
followed for a three year period, during which he 
maintained his serum ceruloplasmin level within 
the normal range. Since a deficiency of circulating 
ceruloplasmin has been considered one of the most 
constant abnormalities in Wilson’s 
disease, the finding of normal levels in our two 


biochemical 


patients may throw some doubt on the validity of 
the diagnosis. However, we believe that with the 
presence of practically all other characteristic 
features of the disease, especially the Kayser- 
Fleischer rings and the great excess of copper in 
their tissues, the available evidence is overwhelm- 
ingly in favor of this diagnosis. 

According to a currently favored theory a ge- 
netic defect in the synthesis of ceruloplasmin is the 
basis of pathological events in Wilson’s disease 
(4). 
plasmin levels in these patients has fitted well into 
this theory. 
dence was furnished by Scheinberg and associates 


The constant finding of low serum cerulo- 
Probably the most convincing evi- 
who found two young patients in whom a pro- 
antedated all 
other biochemical, pathological and clinical mani- 
festations of Wilson’s disease (22, 23, 24). One 
of these patients was only 10 months old when he 
was discovered to have no measurable amounts of 


found deficiency of ceruloplasmin 


ceruloplasmin in the blood. The diagnosis in this 
patient has not at this time been confirmed beyond 
doubt, but it was quite probable in view of the find- 
ing of an excessive amount of copper in his liver 
at four years of age and the definite diagnosis of 
The 
virtual absence of ceruloplasmin from this patient’s 
blood at 10 months of age suggests that a de- 
ficiency of ceruloplasmin is not only a constant 
feature of Wilson’s disease but may be present as 
early as during the first year of life. 


Wilson’s disease in one of his sibs (23, 24). 
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There are, however, a number of observations 
which are difficult to fit into this theory. First, it 
has not been explained adequately how the defici- 
ency in ceruloplasmin leads to an increased copper 
absorption in Wilson’s disease. Secondly, main- 
tenance of normal blood levels of ceruloplasmin by 
intravenous administration has apparently failed 
to produce biochemical improvement (25, 26). In 
addition, the administration of estrogens resulting 
in a rise of serum ceruloplasmin levels into the 
normal range did not influence the course of the 
disease (1). Furthermore, in several unrelated 
conditions such as nephrosis, sprue and in a 
rather ill-defined copper deficiency state in in- 
fants, ceruloplasmin deficiency of considerable 
duration and of a degree comparable to that of 
Wilson’s disease has been observed (18, 27, 28). 
In none of these disease states does ceruloplasmin 
deficiency lead to manifestations of Wilson’s dis- 
ease. In addition, it was found that in Wilson’s 
disease the serum ceruloplasmin levels vary quite 
widely from patient to patient, ranging from 
“none” to more than fifty per cent of the normal 
(4, 18). Thus it was recognized that in Wilson’s 
disease the deficiency of ceruloplasmin was of a 
lesser and more variable degree than in other dis- 
ease states based on a genetic defect in the forma- 
tion of a plasma protein, such as congenital agam- 
maglobulinemia, afibrinogenemia and hemophilia. 
Moreover, correlation could not be established be- 
tween the degree of ceruloplasmin deficiency and 
the severity of the disease (18). 

According to the findings presented in this 
paper, a patient suffering from Wilson’s disease 
may even have normal amounts of ceruloplasmin 
in the serum. To our knowledge this has not 
been reported in an authentic case of Wilson’s dis- 
ease although Dr. Bearn has kindly communicated 
to us that he has made the same observation in two 
other proven patients (29). 

The presence of normal amounts of ceruloplas- 
min in our two patients cannot be related to the 
fact that they have failed to show signs of neuro- 
logical involvement. We have observed extremely 


low levels of ceruloplasmin in two other cases of 
hepatic Wilson’s disease and others have made 
similar observations (18, 29). 

In trying to explain the finding of normal blood 
levels of ceruloplasmin in a case of Wilson's dis- 
ease the argument can be raised that environmental 
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factors may have either stimulated a genetically de- 
fective synthetic process or slowed the rate of deg- 
radation of ceruloplasmin, leading thereby to a 
rise in ceruloplasmin levels into the normal range 
at some stage of the disease. Bearn has shown 
that in Wilson’s disease this may occur in response 
to the administration of estrogen (1). Our pa- 
tients had gynecomastia and a delay in male 
sexual maturation, which may have been the re- 
sult of increase in circulating estrogens secondary 
to impaired ability of their liver to metabolize 
such compounds. Unfortunately, measurements 
of circulating estrogens or urinary excretion were 
not carried out and therefore no firm conclusions 
can be drawn in this respect. However, in cases 
of Wilson’s disease with comparable degree of 
liver involvement, rise in ceruloplasmin levels has 
not been observed by other investigators. More- 
over, Ron. M. had normal levels of ceruloplasmin 
before the appearance of the signs of estrogenic 
overactivity. Whatever the reasons may be for 
the maintenance of normal ceruloplasmin levels in 
these patients, there remains the question of why 
the disturbances of copper metabolism persisted 
and the disease progressed in the absence of a de- 
ficiency in ceruloplasmin. 

The finding of marked delay in the incorporation 
of Cu* into ceruloplasmin in Ron. M. may sug- 
gest that an abnormality in the metabolism of 
ceruloplasmin still existed in this patient, which, 
however, did not affect the blood levels of cerulo- 
plasmin. In connection with this it is of interest to 
note that Sternlieb, Morell and Scheinberg found 
no increase in the rate of incorporation of Cu 
into ceruloplasmin in a patient with Wilson’s dis- 
ease in whom blood levels of ceruloplasmin were 
raised into the normal range by intravenous infu- 
sion (26). 

It was shown previously by others that in Wil- 
son’s disease, compared to normals and other types 
of cirrhosis, there is a marked delay in the incor- 
poration of copper into ceruloplasmin (10, 11, 20). 
Since there is no evidence to show that copper 
bound to ceruloplasmin exchanges with ionic cop- 
per in vivo, these findings could be interpreted as 
evidence of a defective synthesis of ceruloplasmin. 
This interpretation fitted in very well with the 
usual marked reduction in circulating ceruloplas- 
min in Wilson’s disease. In view of these con- 
siderations the present findings in Ron. M’s, case 
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are extremely difficult to interpret. In this pa- 
tient a marked delay in the incorporation of copper 
into ceruloplasmin was observed in the presence 
of normal blood levels of ceruloplasmin. If we ac- 
cept that the delay in the incorporation of Cu®* 
is evidence of a decreased rate of synthesis, the 
normal concentration of ceruloplasmin in the blood 
could only have been maintained by a simultaneous 
decrease of a similar degree in the rate of decay of 
ceruloplasmin. This seems highly unlikely and 
to our knowledge such a mechanism has not been 
proven to exist in the case of any other plasma 
protein. 

Scheinberg and Morell (17, 30) have shown 
recently that contrary to previous belief, the cop- 
per-protein bond in ceruloplasmin can be re- 
versibly dissociated under certain rather unphysio- 
logical conditions in vitro. Should this occur in 
vivo, indicating that ceruloplasmin may reversibly 
release and bind copper at various sites in the 
body, the rate of incorporation of Cu®* into ceru- 
loplasmin may reflect the rate of this exchange 
process as well as synthesis of ceruloplasmin. 
Consequently the finding of a delay in the incor- 
poration of Cu®* into ceruloplasmin in the presence 
of normal blood levels of ceruloplasmin could point 
to a disturbance of this hypothetical exchange 
process. This explanation, however, cannot as 
yet be seriously considered, since there is no 
proof whatsoever of the physiological occurrence 
of copper exchange in ceruloplasmin. 

Finally, we have to consider a suggestion first 
made by Bush and colleagues (11). According 
to this the failure to measure incorporation of Cu®* 
into ceruloplasmin in Wilson’s disease could be 
due to the fact that the administered Cu® is mark- 
edly diluted into the tremendously expanded cop- 
per pool of these patients. This suggestion was 
made following an observation very similar to ours. 
They found that in a case of Wilson's disease with 
a moderately reduced serum ceruloplasmin level 
of 19 mg. per 100 ml. (normal 27 to 38 mg. per 
100 ml.) the uptake of labeled copper into cerulo- 
plasmin was just as much delayed as in patients 
with barely measurable amounts of ceruloplasmin 
in the serum. Our patient (Ron. M.) certainly 
had an expanded copper pool as evidenced by an 
excess of nonceruloplasmin bound copper in his 
serum and the large copper deposits found in his 
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tissues at the time of death, four months after the 
radioactive copper studies were performed. There- 
fore it is possible that our failure to measure in- 
corporation of copper into ceruloplasmin was pri- 
marily due to considerable dilution of the isotope. 

It will be evident at this point that the observa- 
tions presented in this study are difficult to in- 
terpret. The finding of normal blood levels of 
ceruloplasmin in two otherwise typical cases of 
Wilson’s disease suggests that a defect in the pro- 
duction of ceruloplasmin may not be the basic 
metabolic abnormality in this condition, or at the 
least not in all cases. Nevertheless, the observa- 
tion of a marked delay in the rate of incorporation 
of copper into ceruloplasmin in one of these pa- 
tients may still suggest the presence of an ab- 
normality in the metabolism or function of cerulo- 
plasmin. Concerning this latter point, however, 
no firm conclusions can be drawn until the real 
reasons for the generally observed delay in copper 
uptake into ceruloplasmin in Wilson’s disease are 
clarified by further experimental work. 

The observations presented here do not have 
direct bearing on other theories concerning the 
pathogenesis of Wilson’s disease, especially the 
theory advanced by Iber, Chalmers and Uzman 
(31), and therefore no comments can be made in 
this respect. 

In spite of the wealth of new knowledge and a 
multitude of metabolic studies, the nature of the 
basic defect in Wilson’s disease remains uncertain. 
One is increasingly impressed by the wide varia- 
tion of both the clinical and metabolic findings in 
this condition. Are these all secondary changes 
and is the primary expression of the basic defect 
still undiscovered? Or do these variations repre- 
sent a series of similar syndromes produced by a 
series of alleles varying among themselves? These 
are open questions requiring further investiga- 
tion and especially more detailed family studies, 
including families with consanguineous parentage. 


SUMMARY 


1) In two brothers suffering from Wilson’s dis- 
ease normal blood levels of ceruloplasmin were 
found. 

2) Detailed investigation of the two patients re- 
vealed the presence of practically all other typical 
features of Wilson's disease. 
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3) One of the patients, in spite of the presence 
of normal blood levels of ceruloplasmin, showed a 
marked delay in the rate of incorporation of Cu®* 
into ceruloplasmin, 

4) The significance of these findings was dis- 
cussed and related to a currently held theory con- 
cerning the pathogenesis of Wilson’s disease. 
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Thyroxine in human serum migrates during pa- 
per electrophoresis at pH 8.6 with at least three 
protein components : an a globulin intermediate be- 
tween a, and a,, thyroxine-binding protein (TBP) 
(1, 2), albumin (1, 2) and a component moving 
faster than albumin, prealbumin or thyroxine- 
binding prealbumin (TBPA) (3). Alterations in 
seruin protein-bound iodine (PBI) may occur in 
certain circumstances without concomitant hyper- 
or hypothyroidism, but with parallel changes in 


the thyroxine-binding capacity of TBP. Examples 


are the elevated PBI and TBP capacity in preg- 
nancy (4, 5) and after estrogen therapy (6), and 
the depressed PBI and TBP capacity produced by 
methyl testosterone (7). It seemed logical, there- 
fore, to look for alterations in TBP in patients 


with abnormal serum PBI levels in whom other 
evidence of thyroid dysfunction was lacking. We 
wish to report the occurrence of an elevated PBI 
and TBP capacity in an otherwise normal adult 
male and in one of his three children. 


CASE REPORT AND METHODS 


W.W. was a male 48 years of age when seen on March 
17, 1958, because his serum PBI was found to be “ele- 
vated” on a routine periodic health examination. He was 
asymptomatic and gave no history of thyroid disease in 
himself or in his family. He had never received radio- 
graphic contrast media and there was no known in- 
gestion of other organic iodine compounds. He gave 
no history of diseases known to alter the serum pro- 
teins. His libido and potentia were considered to be 
normal. His physical examination was completely nor- 
mal. No goiter or evidence of hyper- or hypothyroidism 
was evident. Hair growth and distribution and genitalia 
were normal. 

His two sons, aged 18 and 12 years, and his daughter, 
aged 15 years, also presented no abnormal findings by 
medical history or physical examination except for the 


*Expense of this project was defrayed in part by 
grants from the United States Public Health Service 
(M-2399) and the Atomic Energy Commission Project 
No. 15. 


history of allergic asthma treated with potassium iodide 
in the 12 year old boy. The girl gave a normal men- 
strual history with onset at 12.5 years of age. 

Pertinent laboratory findings on the father are pre- 
sented in Table I. Normal values and references to the 
published techniques used in obtaining these laboratory 
data are also presented in this table. 

Measurement of the thyroxine-binding capacity of 
TBP was done as before (8, 9) except that electrophore- 
sis was carried out in 0.1 M ammonium carbonate as 
well as in barbital buffer. The pH of the solution of 
U.S.P. grade ammonium carbonate was adjusted to 
about pH 8.4 by bubbling CO, through it for a few min- 
utes. The pH on the paper strip at the end of the run 
was approximately 8.5 as determined by indicator paper. 
The thyroxine-binding capacity of TBP determined in 
ammonium carbonate is the same as when barbital is 
used (9). Electrophoresis in the former, however, re- 
sults in a large additional thyroxine peak running ahead 
of albumin similar to that found with “Tris” maleate buf- 
fer (3). In this study, two levels of added I-labeled 
L-thyroxine were employed: 2.69 ug. per ml. and 1.34 
ug. per ml. The former was done in triplicate and the 
latter in duplicate. 


RESULTS 

The findings in the father are given in Table I. 
The serum PBI and serum butanol extractable io- 
dine (BEI) were elevated to two to three times 
the mean value found in normal individuals. The 
I'**-labeled triiodothyronine erythrocyte uptake 
(I'** T® RBC uptake) which is reported to in- 
crease in hyperthyroidism (12, 22) was less than 
half of the lower limit of published normal values. 
The basal metabolic rate (BMR) and basal pulse 
rate were at the low normal to hypothyroid range. 
The serum cholesterol and I'*' thyroid uptake 
were well within the normal range. 

The disappearance of intravenously injected I'™ 
L-thyroxine from the plasma (expressed in Table 
I as half time, T,/2, and as fraction of the thyrox- 
ine pool turned over per day) was slower than the 
normal mean by almost a factor of two and 
slower than reported in myxedema (14). The 
extrathyroidal organic iodine pool (EOI) was 
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TABLE I 


Familial increase in thyroxine-binding sites in serum alpha globulin: Pertinent laboratory findings in the father 


Laboratory tests 


Normal 
values 


Reference 
to method 


4.0-7.4 
0.5-3.0 
3.4-6.8 


(10) 
Inorganic iodine (ug. %) 
BEI (ug. %) (11) 
1 T? RBC (% uptake @ 
2 hrs.) 


I'*! thyroxine plasma Ty 
(days) 


(12) 10.0-17.0 


(13, 14) 6.6 + 0.7 


Thyroxine turnover rate 
(%/day) 

Extrathyroidal organic 
iodine pool (ug.) 


(13,14) 10541.1 


(13, 14) 548 + 107 


Thyroxine degradation 
rate (ug./day) 


BMR (%) 


Basal pulse rate 


(13, 14) 57 + 11 
— 15-10 
60-90 


Serum cholesterol 
(mg./100 ml.) 


I'8! thyroid uptake 
(% of dose) 


10.0-36.0 
(24 hrs.) 


Fotal serum proteins 
(Gm. %) 


Serum albumin (Gm. 


6.5-8.5 
4.0-5.5 
Serum globulin (Gm. 1.5-3.5 


BSP (% retention at 
45 min.) 0-6.0 

17-Ketosteroids 
(mg./24 hrs.) 

Urinary estrogens 
(rat units/24 hrs.) 


6.0-20.0 


0-4.0 


Follicle stimulating hormone 


(mouse units/24 hrs.) 6.0-48.0 


about twice as large as the normal mean and com- 
parable to that in thyrotoxicosis (14). The degra- 
dation rate of thyroxine in micrograms per day 
was, however, within the normal range. 

Normal values were found for serum proteins, 


TABLE 


Time in months (1958) 





June 


Apr. May 
16.0 


13.0 


an 
is 
5 


uu 


nN 
me Go ON 


ACOAN 


5.0 


Neg. at 
3 M.U. 


bromsulfalein retention, and urinary 17-keto- 
steroid excretion. The slightly elevated values for 
24 hour urinary estrogen excretion were of ques- 
tionable significance, as was the low value for 


urinary follicle stimulating hormone. 


II 


Familial increase in the thyroxine-binding sites in serum alpha globulin: 
Laboratory findings in children of propositus 


Child 


[13 Ts 
RBC 
uptake 


Inorganic 
iodine BEI 


ug. % per cent 
<10 5.4 10.7 


500 6.2 8.4 
<10 9.1 4.5 
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TABLE III 
Thyroxine-binding capacity* 


Thyroxine in 
prealbumin 


Thyroxine-binding 
capacity of TBP 
Added T, = 
2.69 yug./ml. 


Overall 
averaget 


Added T, = 
Subject 1.34 uwg./ml. 
wg. Ts/ml. ug. Ta/mil. 
Normal A ; 24 8 
Normal B ‘ Bs 
Father (Nov.) AT A5 
Child 1 ; 14 
Child 2 ay 2 .20 
Child 3 a .29 


We UI Why bo 





}* Determinations made by electrophoresis in 0.1 M am- 
monium carbonate. 

t Overall average of five determinations, two at 2.69 yg. 

per ml. T, added and three at 1.34 ug. per ml. Ty added. 


Table II summarizes a few pertinent laboratory 
findings on the children of the propositus. 

The serum PBI and BEI were definitely ele- 
vated in the daughter although not so high as in 





Visas tes 


Fre. 1. 


Each serum mixture contained 1.34 ug. of added L-thyroxine per ml. 


blue, are mounted above their radioactivity records. 
was by the reverse-flow technique. 


IN THYROXINE-BINDING SITES 


The arrows indicate the points of application. 
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the father. The low I'** T* RBC uptake in the 
daughter was approximately the same as in the 
father. The daughter’s normal BMR value agreed 
with the clinical impression that she also was eu- 
thyroid: The serum of the second son was con- 
taminated by relatively large quantities of inor- 
ganic iodine which apparently resulted in elevation 
of the serum PBI. 
elevation was borne out by the normal BEI. 


The spurious nature of this 
The 
slight depression of the I*** T* RBC uptake value 
in the second son must be ascribed to contamina- 
tion with iodide (22) until proved otherwise. 
Values obtained with ammonium carbonate for 
the thyroxine-binding capacity of TBP in the 
members of the family, as well as in two normal 
adults who were studied simultaneously, are listed 
in Table III. 


for five determinations, the averages for duplicate 


In addition to the overall averages 


t ‘ 
WW.-FATHER 


s 


ELECTROPHORESIS OF I™ THyROXINE-SERUM MrxTuREs IN 0.1 M AMMONIUM CARBONATE 


The paper strips, stained with bromphenol 
Electrophoresis 
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determinations at an added thyroxine concentra- 
tion of 1.34 ug. per ml. are given. The latter are 


considered to be more accurate since the area 
under the TBP peak at the higher thyroxine level 
(2.69 ug. per ml.) was very small and its meas- 
urement was subject to greater error. The two 
averages agree closely except in Normal B and 
Child 3. 

The values for the normals were in the range 
previously reported for normal adults (8). The 
results in Child 1 and Child 2 were also normal, 
but TBP in sera from the father and Child 3 had 
greater than normal capacity to bind thyroxine. 
Thy- 


roxine-binding capacities determined with barbi- 


The highest value was found in the father. 
tal buffer gave similar results. Representative 
electrophoretic patterns are presented in Figure 1 
and demonstrated no abnormality other than the 
quantitative difference already noted. 

Table III also gives values for the quantity of 
thyroxine associated with TBPA at the higher thy- 
roxine level. In the case of Normal A, thyroxine 
in TBPA was determined at a series of thyroxine 
The that, al- 
though a plateau was approached at the 2.69 ug. 
The re- 


concentrations. results indicated 
per ml, level, it had not been reached. 
sults in Table III are probably lower, therefore, 
than the capacity of TBPA for thyroxine, but they 
permit comparison between the normals and the 
subjects of this study. The significance of the 
rather small differences observed is uncertain, but 
it is noteworthy that the value in the father did not 


differ from that in the normals. 


DISCUSSION 


This report describes the occurrence of an ele- 
vation of the thyroxine-binding capacity of TBP 
in an appraently euthyroid man with an otherwise 
unexplained elevation of serum PBI and BEI. No 
The find- 
ing of a similar abnormality in one of his children, 


cause for this alteration was apparent. 


however, suggested that it might have a genetic 
basis. The evidence presented does not distinguish 
between an increase in the concentration of TBP 
itself or in available sites on the TBP molecule 
as a cause for the increased binding capacity. 
There appeared to be no alteration in the binding 
of thyroxine by TBPA in the affected subjects or 
of any qualitative alteration in the electrophoretic 
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distribution of thyroxine. Chemical identification 
of the serum PBI was not done, but in the pres- 
ence of an elevated thyroxine-binding capacity it 
is reasonable to assume that it was thyroxine. 

If, as seems likely, the increase in TBP ca- 
pacity was the primary alteration, it is of interest 
to speculate on how the other observed abnormali- 
ties in thyroid physiology might have come about. 
If it is assumed that thyroxine (or triiodothyro- 
nine) combined with serum protein is unavailable 
to the tissues and that the metabolic action of the 
hormones is exerted only by the diffusible free 
thyroxine, which is in equilibrium with the bound, 
then a higher total thyroxine level in serum would 
be required for maintenance of euthyroidism (2). 
A normal thyroid-pituitary system would result, 
therefore, in an elevated serum PBI together with 
an expanded extrathyroidal thyroxine pool, as 
observed in the case presented. In the euthyroid 
steady state, however, the quantity of thyroxine 
degraded per day would be normal, so that the 
fraction of the total thyroxine pool turning over 
per day would be decreased. In this steady state 
the function of the thyroid gland would be no dif- 
ferent from normal. The findings presented are 
compatible with such an hypothesis. 

The depression in I*** T* RBC uptake may also 
be explained by the increase in TBP capacity for 


thyroxine since triiodothyronine and thyroxine in- 


teract with the same sites on this protein (23). 
From the expression for an equilibrium reaction, 
: : (thyroxine bound to TBP) 
k (free thyroxine) = : a 
. (unoccupied TBP sites) 
If free thyroxine remains constant in the presence 
of an increase in total TBP sites and total serum 
thyroxine, then the concentration of unoccupied 
TBP sites must increase. The addition of a small 
increment in labeled thyroxine (or triiodothyro- 
nine) to such an altered serum would result in a 
greater normal proportion of the labeled substance 
being bound to TBP. There would then be less 
free labeled hormone available for uptake by the 
red blood cells even though the total quantity of 
hormone taken up might be normal. In the ab- 
sence of other alterations affecting RBC uptake, 
the changes in TBP and PBI in the patient would, 
therefore, explain the lowered I'** T* RBC uptake. 
The findings suggest that some of the instances 
of elevated serum PBI levels without accompany- 
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ing hyperthyroidism, which are found sporadically 
and are usually attributed to contamination with 
nonhormonal iodine (24), may be the result of 
an increase in the thyroxine-binding capacity of 
serum TBP. Tanaka and Starr (25) described 
10 such patients, all of whem were women. The 
present report is, to our knowledge, the first indi- 
cation that such an abnormality may be familial. 
The frequency of this abnormality is unknown. 
It is not unlikely that the more frequent applica- 
tion of the test of I'** T® RBC uptake, even though 
subject to alteration by factors unrelated to TBP, 
may serve to bring such cases to attention. Meas- 
urement of TBP capacity in suspected cases would, 
of course, be a more direct approach. 

It is also possible that alterations in TBP ca- 
pacity can explain other paradoxical deviations in 
the PBI level. Tanaka and Starr (25) apparently 
detected instances of euthyroidism with low PBI 
and low TBP capacity, although they grouped 
these patients with subjects usually considered to 
be in the normal range of PBI. 
soned, also, that an elevated or depressed TBP ca- 


It might be rea- 


pacity could explain the occurrence of a normal 
PBI in clinical hypothyroidism or hyperthyroid- 
ism, respectively. We know of no examples of 
this. 

It should be emphasized that TBP is not the 
sole controlling factor in extrathyroidal distribu- 
Altera- 
tions analagous to those described could result 


tion and metabolism of thyroid hormone. 


from changes in thyroxine binding by serum albu- 
min or prealbumin and by factors influencing the 


peripheral degradative or metabolic processes. 


Further study is required to distinguish between 
these possibilities. 


SUMMARY 


Because the serum protein-bound iodine (PBI) 
has been found elevated in euthyroid states associ- 
ated with an increase of thyroxine-binding ca- 
pacity of plasma thyroxine-binding a globulin 
(TBP) due to known causes, a search was made 
for individuals with unexplained elevation of the 
serum PBI. A euthyroid man was found with 
serum PBI and butanol extractable iodine (BET) 
levels ranging between two and three times nor- 
mal and maintained over an observation period of 
nine months. A subnormal I'** triiodothyronine 
erythrocyte uptake (I'** T* RBC uptake) sug- 
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gested that the serum PBI elevation was related 
to increased affinity of the plasma proteins for 
thyroid hormone. This suspicion was confirmed 
by the finding of an increase in thyroxine-binding 
capacity of TBP by reverse-flow serum electro- 
phoresis. No abnormality was detected in thyrox- 
Although 
the extrathyroidal organic iodine pool was ex- 


ine binding to albumin or prealbumin. 


panded to roughly the same size as that found in 
patients with untreated thyrotoxicosis, the degra- 
dation rate in micrograms of thyroxine per day 
was within the normal range. The finding that 
one of this man’s three children also had elevated 
serum PBI and BEI levels, a subnormal I'*! T*® 
RBC uptake and an elevated TBP capacity con- 
stitutes evidence that the abnormality is familial 
No other 
cause for this abnormality was detected. The find- 


and could conceivably be hereditary. 


ing of such markedly increased levels of thyroid 
hormone in the serum of euthyroid individuals 
supports the contention that the total serum thy- 
roxine concentration does not alone govern the 
metabolic status of the individual. 
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Transfusion of platelets into thrombocytopenic 
recipients results in the control of hemorrhage 
if the infused platelets are viable and circu- 
late in the recipient’s blood in sufficient numbers 
(1,2). Storage by commonly employed methods 
for brief periods alters platelets so that they will 
not circulate when infused (3). Infusions of 
platelets preserved by freezing (4) and lyophiliza- 
tion (5) have not resulted in increase of recipient's 
platelet levels although such infusions have been 
reported to control bleeding due to thrombocyto- 
penia. The effectiveness was assayed by observ- 
ing the degree of clinical bleeding in thrombocyto- 
penic recipients before and after the infusion of 
preserved platelets (4, 5). However, such ob- 
servations are difficult to quantify because bleeding 
in thrombocytopenic individuals is variable and 
intermittent. Some individuals with severe throm- 
bocytopenia have no abnormal bleeding. Others 
with the same degree of thrombocytopenia may 
have serious and even fatal hemorrhage. 


Thrombocytopenia is the major cause of bleed- 


ing in animals exposed to whole body irradiation 
(6). <A characteristic of the hemorrhagic state 
following such irradiation is the appearance of 
large numbers of red blood cells in the lymph 
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lated in recipients suppressed the number of red 
blood cells in thoracic duct lymph of irradiated 
dogs (8). In the present studies, the effectiveness 
of lyophilized platelets was compared with the ef- 
fectiveness of fresh platelets in suppressing the 
number of red blood cells in the thoracic duct 
lymph of irradiated dogs. 


MATERIALS AND METHODS 


Experimental Adult 
housed in individual metabolism cages and fed Purina 
Dog Cuow with a daily supplement of meat. Four dogs 
(430, 431, 440 and 441) received chlortetracycline daily 
per os beginning seven days after irradiation. Three 
dogs (426, 428 and 435) were given penicillin and di- 
hydro-streptomycin, and one (442) was given chlortetra- 
cycline on the day of operation (cannulation of thoracic 
duct). 

Technique of irradiation. Five dogs (426, 428, 430, 431 
and 441) received 500 r. whole body irradiation, and three 
(435, 440 and 442) received 550 r. All of the dogs were 
anesthetized with pentobarbital sodium during irradiation. 
Radiation was delivered by a General Electric Maxitron 
X-ray machine operating at 250 KVP, 30 ma. and filtered 
with 0.5 mm. of copper and 1.0 mm. of aluminum. The 
target-skin distance was 110 cm. The dose rate at the 
skin surface was 27 r. per minute. Half of the total dose 
was delivered to each side of the body. 

Cannulation of thoracic duct. The thoracic duct was 
cannulated between the tenth and seventeenth day follow- 
ing irradiation after the dogs became thrombocytopenic. 
One hour before surgery the animals were given approxi- 
mately 100 ml. of corn oil per os to facilitate identifica- 
tion of the lymph channels. Pentobarbital sodium was ad- 
ministered intravenously for anesthesia, and 5 per cent 
glucose in 0.85 per cent sodium chloride solution was in- 
fused during the operation. The operative procedure of 
Ross, Furth and Bigelow (7) was employed, in which 
plastic (polyethylene) cannulae are introduced into the 
thoracic duct and into a branch of the jugular vein. The 
free ends of both of these cannulae were exteriorized. 
When the lymph was not being sampled, the free ends 
of the two cannulae were connected and the lymph al- 
lowed to flow into the venous system. 


animals, mongrel dogs were 
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Collection of and observations on lymph. Lymph was 
collected from the free end of the cannula in the thoracic 
duct, and the total output of lymph (ml. per minute) was 
measured. When the periods of sampling were pro- 
longed, the dogs were maintained under pentobarbital 
sodium anesthesia and were given an intravenous infu- 
sion of 5 per cent glucose in 0.85 per cent sodium chloride 
solution. The rate of infusion was adjusted to approxi- 
mate the rate of output of lymph. 

Red blood cells in lymph samples were counted with an 
electronic counter.1_ All samples were diluted with 0.85 
per cent sodium chloride solution so that the cell concen- 
tration in the 0.5 ml. metered fell between 10,000 and 
90,000. The reproducibility of results with this counter 
is within approximately + 2 per cent of the mean (9, 10). 

Results are expressed as the total output of red blood 
cells in the lymph per unit of time. These values were 
calculated as follows: 


ml. of lymph 
min. of collection 


number of RBC __ number of RBC 
ml. of lymph 





~ min. of collection ° 

Hematologic studies. Hematocrit values were deter- 
mined by a microtechnique (11). Leukocytes were 
counted in blood diluted with 2 per cent acetic acid. A 
dilution of 1:20 was used until the total count fell below 
1,000 per cu. mm., and then a dilution of 1:10 was used. 
Platelets were counted by the phase contrast technique of 
Brecher and Cronkite (12). Studies of blood coagula- 
tion were performed using previously described tech- 
niques (13). 

Preparation of fresh platelet suspensions. Healthy 
donor dogs were anesthetized with thiopental sodium and 
blood was obtained from femoral artery punctures. The 
method (14) for the separation and concentration of the 
platelets was based on differential centrifugation and in- 
cluded the use of nonwettable equipment with disodium 
ethylenediaminetetraacetatic acid (EDTA) as the anti- 
coagulant. The final suspension of platelets was usually 
completed within four to five hours of drawing the 
blood. The platelet suspensions were infused through 
plastic recipient sets with nylon filters. 

Preparation of lyophilized platelets. Donor dogs were 
bled as for the preparation of fresh platelet suspensions. 
The technique of Klein and associates (5) was used for 
separation, concentration and lyophilization of the plate- 
lets. The only modifications were: (a) silicone coated 
glassware was used in place of plastic blood bank equip- 
ment, (b) Triton® was not used, and (c) the final sus- 
pension of platelets before lyophilization was in 0.85 per 
cent sodium chloride solution containing 1 per cent 
EDTA. 

The final platelet concentration before lyophilization 
was adjusted to 10,000,000 platelets per cu. mm. The 
lyophilized platelets were stored at — 20° C. for 5 to 21 
days. The lyophilized material was reconstituted 30 
minutes before use by addition of sterile, distilled water 
in an amount equal to the volume of the final platelet 


1 Coulter Counter, Model A; Coulter E! ronics, 5227 
N. Kenmore, Chicago, III. 
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suspension before lyophilization. The reconstituted ma- 
terial was infused through plastic recipient sets with ny- 
lon filters. On the assumption that the recipient’s blood 
volume was 7 per cent of body weight, infusion of 1.40 
ml. of this material per Kg. body weight would be ex- 
pected to raise the recipient’s platelet level by approxi- 
mately 200,000 per cu. mm. if the infused platelets 
circulated. 


RESULTS 
Hematologic studies 


The changes in the leukocyte, hematocrit and 
platelet levels in the eight dogs were similar to 
those described previously by many investigators 
after amounts of whole body irradiation compara- 
ble to the amounts employed in these experiments. 
The mean control leukocyte count was 16,700 per 
cu.mm, By the sixth to eighth postirradiation day 
the leukocyte level was < 1,000 per cu. mm. in 
each of the irradiated animals. The mean control 
platelet count was 339,000 per cu. mm. and the 
mean control hematocrit value was 44.6 per cent. 
By the eleventh postirradiation day, the platelet 
level was < 10,000 per cu. mm. in each of the dogs 
and the mean hematocrit value was 32.5 per cent. 


Effects of infusion of lyophilized platelets alone 


Three dogs (430, 440 and 441) were given one 
or more infusions of lyophilized platelets but no 
fresh platelets. 

Dog 430 was given 500 r. whole body irradia- 
tion. Cannulation of the thoracic duct was carried 
out 14 days later. The peripheral blood platelet 
count on the day of operation was < 5,000 per cu. 
mm. The initial lymph samples were bloody and 
observations on the lymph were begun upon com- 
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pletion of the operation. Results are shown in 
Figure 1. The output of red blood cells in the 
lymph appeared stable over a three and a half hour 
control period. Eighteen ml. (1.73 ml. per Kg.) 
of lyophilized platelets then was infused over a 
nine minute interval. No increase in the recipi- 
ent’s circulating platelet level occurred following 
this infusion. The respiratory rate increased dur- 
ing the infusion. Coincident with the increased 
respiratory rate, the flow rate of the lymph in- 
creased from 0.67 to 1.57 ml. per min, The flow 
rate returned to control levels within 30 minutes 
of completion of the infusion. The total output of 
red blood cells in the lymph increased transiently 
coincident with the increase in flow rate. There- 
after the output of red blood cells stabilized at a 
level slightly below that of the control period and 
no further decrease in output occurred over the 
next four hours. 

Dog 440 received 550 r. whole body irradiation. 
The thoracic duct was cannulated 11 days later 
and observations were begun immediately, Re- 
sults are shown in Figure 2. The output of red 
blood cells in the lymph appeared stable over a 
control period of four hours. Seventeen ml. 
(1.44 ml. per Kg.) of lyophilized platelets then 
was infused over a six minute interval. The plate- 
let level of this recipient dog would have been ex- 
pected to increase to approximately 200,000 per 
cu. mm, if all of these lyophilized platelets had cir- 
culated. However, the circulating platelet level 
did not increase. The dog vomited once immedi- 
ately following the infusion and the respiratory 
rate increased transiently. The flow rate of the 
lymph increased from 0.47 to 1.22 ml, per minute 
and then returned to control levels in approxi- 
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mately two hours. The total output of red blood 
cells in the lymph increased transiently, coincident 
with the increase in flow rate. Thereafter the out- 
put of red blood cells stabilized at a level approxi- 
mately the same as that of the control period. 
There was no further fall in the output over the 
next seven hours. 

Dog 441 was given 500 r. whole body irradia- 
tion. Nineteen days later the peripheral blood 
platelet count was < 5,000 per cu.mm. The thor- 
acic duct was cannulated on the twentieth post- 
irradiation day. Because of anemia and shock, 
the animal was given a transfusion of 250 ml. 
whole blood as the operation was being completed. 
This transfused blood had been collected and 
stored at 4° C. for seven days in a silicone coated 
bottle containing acid-citrate-dextrose solution. 
Platelet count on this blood just prior to the trans- 
fusion was 100,000 to 200,000 per cu. mm. but an 
accurate count was not possible because the plate- 
lets in the counting chamber were in large clumps. 
Fifteen minutes after this transfusion, the periph- 
eral blood platelet count was 20,000 per cu. mm. 
Observations on the lymph were begun as soon as 
the operation was completed and the results are 
presented in Figure 3. The output of red blood 
cells in the lymph was lower than in the two previ- 
ous experiments but appeared stable over a three 
and a half hour control period. Nineteen ml. (1.44 
ml. per Kg.) of lyophilized platelets then was in- 
fused over a five minute interval. There was no 
increase in the circulating platelet level following 
this infusion, and the output of red blood cells in 
the lymph did not decrease. The output of red 
blood cells in the lymph had increased markedly 
22.5 hours after operation, and the circulating 
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platelet level had decreased. Fourteen ml. (1.06 
ml. per Kg.) of lyophilized platelets then was 
infused over a five minute interval. An additional 
25 ml. (1.89 ml. per Kg.) of lyophilized platelets 
was infused over a three minute period after an- 
other interval of 35 minutes. This recipient’s 
platelet level would have been expected to increase 
to approximately 400,000 per cu. mm. if all of these 
lyophilized platelets (2.95 ml. per Kg.) had cir- 
culated. However, there was no such increase. 
Futhermore, the output of red blood cells in the 
lymph did not decrease. The flow rate of the 
lymph also did not change appreciably. 


Effects of infusion of lyophilized platelets followed 
by infusion of fresh platelets 


Four dogs (426, 428, 435 and 442) received in- 
fusions of lyophilized platelets after which fresh 
platelets were administered. 

Dog 426 received 500 r. whole body irradiation. 
Ten days later a platelet count was 10,000 per cu. 
mm. The thoracic duct was cannulated on the 
eleventh postirradiation day. At this time the 
lymph appeared milky and was shunted back into 
the venous cannula. On the twelfth postirradia- 
tion day the dog was still eating and appeared in 
reasonably good condition. The peripheral blood 
platelet level was < 5,000 per cu. mm., and the 
total output of red blood cells in the lymph was 
only 29.3 million per minute. Thus the observa- 
tions on the lymph were interrupted, and the 
lymph again was shunted into the venous circula- 
tion. On the thirteenth postirradiation day, the 
output of red blood cells in the lymph had in- 
creased somewhat. The peripheral blood sevealed 
a platelet count of < 5,000 per cu. mm. a whole 
blood clotting time of 60 minutes, a plasma fibrino- 
gen of 363 mg. per cent and markediy impaired 
clot retraction. Twenty-five ml. (1.25 ml. per 
Kg.) of lyophilized platelets was infused over a 
ten minute interval. Forty-five minutes after this 
infusion, the peripheral platelet level remained 
< 5,000 per cu. mm., the plasma fibrinogen was 
unchanged and was determined to be 362 mg. per 
cent, and clot retraction remained markedly im- 
paired, but the whole blood clotting time had re- 
turned to normal and was determined to be 19 
minutes. Observations on the lymph, however, 
were unreliable, because the dog was not anes- 
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thetized during this infusion. Although no overt 
reaction to the infusion was apparent except for a 
transient increase in respiratory rate, the dog be- 
came very restless and active on several occasions 
and the flow rate of the lymph changed frequentlv 
and markedly. Observations on the lymph again 
were interrupted and the lymph shunted into the 
venous circulation. The output of red blood cells 
in the lymph increased strikingly by the fourteenth 
postirradiation day. The dog was anesthetized 
and continuous observations on the lymph were 
begun. Results are shown in Figure 4. After a 
control period of one and three-quarter hours, 25 
ml. (1.25 ml. per Kg.) of lyophilized platelets was 
infused over a 13 minute interval. No increase in 
the level of circulating platelets followed this in- 
fusion. There was a transitory increase in total 
output of red blood cells coincident with a transi- 
tory increase in flow rate of the lymph. The out- 
put of red blood cells then stabilized at a level ap- 
proximately the same as that during the control 
period. Four and one-half hours later, 37 ml. 
(1.85 ml. per Kg.) of freshly separated and con- 
centrated platelets was infused over a four minute 
interval. This platelet suspension contained 10,- 
000,000 platelets per cu. mm. The recipient's 
platelet level would have been expected to increase 
to a level of approximately 270,000 per cu. mm. if 
all of these platelets had continued to circulate. 
The level actually increased from < 5,000 to 145,- 
000 per cu. mm. following this infusion, and a 
prompt and striking decrease in the total output of 
red blood cells in the lymph occurred. There was 
no untoward reaction to this infusion, The lymph 
clotted in the cannula for the first time in this ex- 
periment one hour after the infusion. The can- 
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nula was flushed with physiological saline solu- 
tion and the lymph flow re-established at its previ- 
ous rate. The peripheral blood hematocrit was 
23.5 per cent, and 2.5 hours after the infusion of 
fresh platelets, a transfusion of 400 ml. of packed 
red blood cells was given. These packed red blood 
cells had been obtained during the differential cen- 
trifugation procedures for the preparation of the 
fresh platelets. The peripheral blood hematocrit 
was raised to 31 per cent following this transfusion. 
The output of red blood cells in the lymph con- 
tinued to fall over the next 21 hours and the cir- 
culating platelet level remained > 75,000 per cu. 
mm, 

Dog 428 was given 500 r. whole body irradia- 
tion. Ten days later the thoracic duct was can- 
nulated, and the lymph appeared white with a 
faint pink tint. The output of red blood cells in 
the lymph had increased by the eleventh post- 
irradiation day. The peripheral blood at this time 
revealed a hematocrit of 17 per cent and a plate- 
let count of < 5,000 per cu. mm. The dog ap- 
peared moribund and observations on the lymph 
were begun. Results are shown in Figure 5. 
After a control period of 30 minutes, 16.4 ml. (1.06 
ml. per Kg.) of lyophilized platelets was infused 
over a 10 minute interval. The circulating platelet 
level did not increase after this infusion. The 
output of red blood cells in the lymph increased 
transiently, coincident with a transient increase in 
flow rate. Three hours later, 390 ml. of fresh 
platelet-rich plasma containing 250,000 platelets 
per cu. mm. was infused over a 40 minute interval. 
The recipient’s platelet count was 32,000 per cu. 
mm. immediately following this infusion. Five 
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minutes later, 450 ml. of fresh platelet-rich plasma 
containing 330,000 platelets per cu. mm. was in- 
fused over a 45 minute interval. The recipient's 
platelet level increased to 125,000 per cu. mm. 
following this infusion. The output of red blood 
cells gradually fell during the next two hours de- 
spite a transitory increase in flow rate of the lymph. 
The circulating platelet level was 140,000 per cu. 
mm, 20 hours after the last infusion and the out- 
put of red blood cells did not decrease further. 
Fresh platelet-rich plasma was used in this ex- 
periment in place of concentrated platelets because 
the dog probably would not have survived long 
enough for procedures of separation and concen- 
tration of the platelets. 

Dog 435 received 550 r. whole body irradiation. 
Ten days later the peripheral blood platelet count 
was 35,000 per cu. mm. and the thoracic duct was 
cannulated. The lymph was not grossly bloody at 
the completion of the operation and the total out- 
put of red blood cells in the lymph was < 10,- 
000,000 per minute. The lymph therefore was 
shunted into the venous circulation. The platelet 
count was < 5,000 per cu. mm. on the eleventh 
postirradiation day and the output of red blood cells 
in the lymph was approximately 12,000,000 per 
minute. The dog remained in fair general condi- 
tion; observations again were interrupted and the 
lymph diverted into the venous circulation. The 
output of red blood cells had increased strikingly 
by the twelfth postirradiation day, and continuous 
observations on the lymph were begun. Results 
are shown in Figure 6. The output of red blood 
cells remained fairly stable over a two and three- 
quarter hour control period. Twenty-six ml. 
(1.58 ml. per Kg.) of lyophilized platelets then 
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was infused over a five minute interval. There 
was no increase in the circulating platelet level fol- 
lowing this infusion. The output of red blood cells 
in the lymph increased transiently coincident with 
a transitory increase in the flow rate of the lymph. 
The output of red blood cells remained fairly stable 
over the next 11 hours. Thirty-eight ml. (2.32 ml. 
per Kg.) of freshly separated and concentrated 
platelets then was infused over an 18 minute in- 
terval. This suspension of platelets contained 
10,000,000 platelets per cu. mm. The recipient's 
platelet level would have been expected to increase 
to approximately 330,000 per cu. mm. if all of 
these platelets had circulated. Following the infu- 
sion, the recipient's platelet level actually in- 
creased from < 5,000 to 100,000 per cu. mm., and 
there was a prompt and striking decrease in the 
total output of red blood cells in the lymph. 

- Dog 442 was given 550 r. whole body irradia- 
tion. The thoracic duct was cannulated 12 days 
later, and continuous observations of the lymph 
were begun. Results are shown in Figure 7. The 
total output of red blood cells in the lymph was 
very high and fairly stable during a one and one- 
half hour control period. Twenty-one and one- 
half ml. (1.43 ml. per Kg.) of lyophilized platelets 
then was infused over a 14 minute interval. No 
increase in the level of circulating platelets fol- 
lowed, The output of red blood cells increased 
transiently, coincident with a transitory increase 
in flow rate of the lymph. Thereafter the output 
stabilized at a level approximating the control 
level. Ten and one-half ml. (0.70 ml. per Kg.) 
of freshly separated and concentrated platelets 
was infused over a 12 minute interval six and 
three-quarter hours later. This suspension con- 
tained 9,000,000 platelets per cu. mm. If all of 
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these platelets circulated, the recipient’s platelet 
level would have been expected to increase to a 
level of approximately 90,000 per cu. mm. Ac- 
tually the recipient’s platelets increased from 
< 5,000 to 40,000 per cu. mm., and the output of 
red blood cells in the lymph decreased promptly 
and strikingly. The lymph flow rate did not 
change significantly and no untoward reaction to 
this infusion was observed. Seven hours later the 
peripheral blood hematocrit was 23 per cent. 
Then 500 ml. of fresh whole blood containing 
230,000 platelets per cu. mm. was transfused over 
a 90 minute interval. This blood had been col- 
lected immediately prior to use in a nonsiliconed 
glass bottle containing acid-citrate-dextrose. The 
tubing of the donor and recipient sets was plastic. 
The recipient’s platelet level increased from 20,000 
to 85,000 per cu. mm. following this transfusion. 
The recipient was flushed and shivered during the 
transfusion. At this time the flow rate of the 
lymph and the output of red blood cells in the 
lymph increased transiently. Thereafter the out- 
put of red blood cells continued to fall. Five hours 
later 20 ml. (1.33 ml. per Kg.) of lyophilized 
platelets was administered over a seven minute 
interval. There was no striking change in the 
circulating platelet level following this infusion. 
The output of red vlood cells increased transiently 
coincident with a transitory increase in the flow 
rate of the lymph. Over the next seven hours, the 
output of red blood cells in the lymph remained 
fairly stable. 


Effects of infusion of fresh platelets followed by 
infusion of lyophilized platelets 


One dog (431) received a transfusion of fresh 
whole blood after which lyophilized platelets were 
administered. 

Dog 431 received 500 r. whole body irradiation. 
The thoracic duct was cannulated 13 days later, 
but the cannula became dislodged as the operative 
procedure was being completed. The thoracic 
duct was immediately cannulated again. The 
operative procedures required a total of five hours. 
The lymph was pink after completion of the sec- 
ond procedure and observations on the lymph were 
begun. Results are shown in Figure 8. The dog 
appeared in a state of shock two hours after the 


operations. An infusion of 400 ml. of platelet 
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poor plasma was given over a 60 minute interval. 
This plasma had been obtained during the differ- 
ential centrifugation for the preparation of lyophi- 
lized platelets and had been stored at 4° C. for 25 
days. The recipient’s platelet count did not in- 
crease following this infusion and no striking 
change in the output of red blood cells in the lymph 
occurred. Two hours later a transfusion of 500 
ml. of fresh whole blood was administered over a 
one and one-quarter hour interval. This blood 
was collected immediately prior to use in an un- 
coated glass bottle containing acid-citrate-dextrose 
solution with the use of plastic tubing. The blood 
contained 400,000 platelets per cu. mm. The re- 
cipient’s platelet level increased from < 5,000 to 
160,000 per cu. mm. following this transfusion, 
and the output of red blood cells in the lymph fell 
strikingly. Thereafter, the output began to rise 
slowly. Twenty ml. (1.42 ml. per Kg.) of lyophi- 
lized platelets was infused over a five minute in- 
terval 18 hours later. The recipient’s platelet 
level decreased slightly following this infusion and 
the output of red blood cells continued to increase. 
The circulating platelet level was 60,000 per cu. 
mm. 48 hours after the operations and the output 
of red blood cells had increased somewhat, al- 
though not to levels so high as at the start of the 
experiment when the platelets were lower. 


DISCUSSION 


Infusions of lyophilized platelets did not in- 
crease platelet levels and had no hemostatic effect 
in irradiation hemorrhage under the conditions of 
these experiments. The number of lyophilized 
platelets infused into each recipient was approxi- 
mately the number of platelets contained in a vol- 
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ume of normal dog blood equal to the recipient's 
total blood volume. Infusions of fresh, viable 
platelets did increase recipient's platelet levels 
and striking hemostatic effects were noted. 

Our results agree with those of Woods, Gamble, 
Furth and Bigelow (8) who first used the output 
of red blood cells in thoracic duct lymph in irradi- 
ated dogs to measure the hemostatic effectiveness 
of various substances. Their experiments em- 
phasized the hemostatic effectiveness of intact 
platelets that circulated in recipient animals. They 
also reported, without giving experimental details, 
that no hemostatic effect could be demonstrated . 
in the test system following infusion of lyophilized 
platelets, frozen and thawed platelets or platelets 
disrupted by ultrasonic or supersonic vibrations, 
thromboplastin or rutin. 

Fliedner and associates (15), using rats, re- 
ported that fresh, viable platelets that circulated 
in recipients completely controlled irradiation hem- 
orrhage. In contrast, lyophilized platelets did not 
control the hemorrhage and did not circulate in 
recipients. Gross observations of bleeding, mi- 
croscopic study of lymph node sections for evi- 
dence of bleeding, platelet counts, hematocrit val- 
ues and susceptibility to bleeding from minor 
trauma were used to gauge the hemostatic effec- 
tiveness of the test substances in these studies. 

Klein and associates have reported hemostatic 
benefit following infusions of platelets preserved 
by freezing (4) and by lyophilization (5) as 
judged by cessation of clinical bleeding in throm- 
bocytopenic patients. The hemostatic effects were 
noted even though the recipient's circulating plate- 
let levels did not increase following the infusions 
of the preserved platelets. Other platelet prepara- 
tions and platelet substitutes that do not raise re- 
cipient platelet levels have been reported to have 
hemostatic effects in thrombocytopenic recipients 
(16, 17). 

The question of whether a particular platelet 
preparation, fraction, or substitute that does not 
increase a recipient’s platelet level, exerts a hemo- 
static effect on bleeding due to thrombocytopenia 
is difficult to answer. Measurements of capillary 
integrity (bleeding time and capillary resistance 
tests) and of blood coagulation (prothrombin con- 
sumption, thromboplastin generation, clot retrac- 
tion, and so forth) can be made before and after 
administration of the test substance. Many of 
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these tests are difficult to reproduce and quantify, 
and the degree of bleeding in thrombocytopenic 
individuals is not quantitatively related to results 
of most of these tests. Also, hemostasis is not 
assured even if all of these tests are brought to 
normal by the test substance. 

One must, therefore, measure the degree or 
severity of bleeding in thrombocytopenic states be- 
fore and after administration of a test substance in 
order to determine the hemostatic effectiveness of 
the substance. Such measurements can be made 
on thrombocytopenic patients or on experimental 
animals rendered thrombocytopenic. Studies of 
thrombocytopenic patients are difficult to control 
and to quantify because the type and severity of 
bleeding vary spontaneously. Adequate controls 
of the factors involved are more readily achieved 
by the use of experimental animals rendered 
thrombocytopenic. The comparative effectiveness 
of various agents (fresh and lyophilized platelets ) 
in controlling gross and microscopic bleeding in 
rats rendered thrombocytopenic by whole body 
irradiation has been reported. The degree of 
bleeding in treated animals was compared with the 
degree of bleeding in paired controls (15). The 


present report describes the comparative effective- 
ness of fresh and lyophilized platelets in reducing 
the output of red blood cells in the thoracic duct 
lymph of irradiated, thrombocytopenic dogs. 
The method described in the present report had 


certain advantages, including: (a) thrombocy- 
topenia was regularly and predictably produced by 
the dose range of whole body irradiation em- 
ployed; (b) bleeding, including an increase in 
output of red blood cells in the lymph, was ob- 
served in every untreated animal that survived for 
a sufficient period; (c) enumeration of red blood 
cells in the lymph served as a semiquantitative 
measure of the degree of bleeding; (d) agents 
(viable platelets) known to be effective in con- 
trolling irradiation hemorrhage were always ef- 
fective; and (¢) an animal served as its own con- 
trol. Some of the disadvantages of this test system 
were: (a) the operative procedure required ade- 
quate surgical skill; (b) the thoracic duct cannula 
had to be placed within the duct itself and not in 
an isolated segment of the external jugular vein 
(this precaution was necessary in order to pre- 
clude leakage of blood from small tributary veins 
into the segment of external jugular vein with 
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resultant admixing of blood and lymph) ; (c) an 
effective agent had to be given after administration 
of an ineffective agent to be certain that the lymph 
could be cleared (see b above) ; (d) after adminis- 
tration of an effective agent the lymph occasion- 
ally clotted and suitable care was necessary to as- 
sure adequate flow; and (e) the flow rate of the 
thoracic duct lymph was not constant, and the 
total output of red blood cells in the lymph had to 
be measured. During the performance of these 
experiments, changes in respiratory rate, physical 
activity, rate of intravenous hydration (in anes- 
thetized animals), vomiting and defecation influ- 
enced the flow rate of the lymph. 


SUMMARY 


Eight dogs were rendered thrombocytopenic by 
the administration of 500 to 550 r. whole body ir- 
radiation. After thrombocytopenia developed, the 
thoracic duct of each dog was cannulated, and 
large numbers of red blood cells were observed in 
the thoracic duct lymph. The hemostatic effective- 
ness of fresh and lyophilized platelets in reducing 
the output of red blood cells in the lymph was 
compared. 

Lyophilized dog platelets were infused into each 
dog in amounts calculated to increase the recipi- 
ent’s platelet level by approximately 200,000 per 
cu.mm. The circulating platelet levels of the re- 
cipients did not increase following infusions of 
lyophilized platelets, and the output of red blood 
cells in the lymph did not decrease significantly. 

Five of the dogs also received infusions of 
freshly separated, viable platelets. Fresh platelets 
were administered after the administration of 
lyophilized platelets in four of the animals, and in 
one the fresh platelets were administered initially. 
The circulating platelet levels of the recipients in- 
creased following infusions of fresh platelets, and 
the output of red blood cells in the lymph de- 
creased strikingly. 
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This study is concerned with the mechanism of 
exchange of sodium between plasma and cerebro- 
spinal fluid (CSF). Several workers (1, 2) have 
reported that there is no significant difference be- 
tween the concentration of sodium in plasma and 
CSF. Merritt and Fremont-Smith (3) reported 
that the average concentration of sodium in CSF, 
in man, exceeded the plasma concentration by 
about four mEq. Davson (4) has determined the 
distribution ratio of sodium between CSF and 
plasma as 0.975 in the dog, correcting for the dif- 
ference in water content of these fluids. Despite 
the similarity in sodium concentration of these 
fluids and the superficial resemblance of CSF to a 
protein-free filtrate of plasma, intravenously ad- 
ministered radio-sodium reaches equilibrium in the 
CSF far more slowly than in the extracellular fluid 
(5, 6). The delay in exchange between plasma 
and CSF has been attributed to the existence of a 
blood-CSF barrier for sodium (5-7). The pres- 
ent experiments have been devised to note the ef- 
fect of a variety of physiological and pharmaco- 
logical alterations on the exchange of sodium be- 
tween these fluid compartments. 


METHODS 


One hundred and twenty-three experiments were per- 
formed in 27 adult mongrel dogs anesthetized with in- 
travenously administered sodium pentobarbital (30 mg. 
per Kg.). Additional doses of pentobarbital were given 
intravenously during the experiment to maintain a stable 
corneal reflex and respiratory rate. Sixty to 80 micro- 
curies of Na™ was administered intravenously. Samples 
of serum and 0.6 ml. samples of cisternal fluid were re- 
moved successively at the end of five or six 45 minute 
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intervals. The time necessary for the activity of the 
cisternal fluid to reach 50 per cent of the serum activity 
was obtained by graphic analysis of the CSF/serum ra- 
tios at these time intervals. As the serum radioactivity 
was not maintained at a constant level, a time constant 
was not calculated but the half-time as determined was 
used as the measure of the rate of sodium exchange. 
This half-time is referred to as the sodium exchange 
time. A typical experiment is illustrated in Figure 1. 
Radioactivity was measured in duplicate with a well- 
type scintillation counter and sodium content with a 
flame photometer. Each animal had at least one control 
study in addition to one or more experimental studies. 
Each animal was given at least a seven day recovery pe- 
riod between experiments. Cisternal fluid pressure, when 
required, was measured with a spinal water manometer. 
Blood pressure was recorded in some experiments with 


‘a strain-gage manometer. 


RESULTS 


I. Concentration of sodium in serum and cerebro- 
spinal fluid of normal dogs 


The serum and CSF sodium concentrations 
were determined in 27 normal dogs. The average 
serum sodium concentration was 155+6 mEq. 
per L. The average CSF sodium concentration 
was 158 +6 mEq. per L. Statistical analysis us- 
ing Student’s “‘t” test (8) for correlated means re- 
vealed no significant difference between these 
values (p >0.2). The serum and CSF sodium 
concentrations were not significantly altered in 
any of the experiments. The serum sodium varied 
between 142 and 166 mEq. per L. and the CSF 
sodium between 144 and 168 mEq. per L. The 
difference in concentration of sodium in the CSF 
varied between + 9 and — 4 mEq. per L. as com- 
pared to the serum. The concentrations may be 
expressed as corrected for the differences in wa- 
ter content of serum and CSF. Assuming the 
water content of serum to be 92 per cent, and of 
CSF to be 99 per cent (7), the average concen- 
tration in plasma is 168 mEq. per Kg. of water, 
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and that of CSF is 159 mEq. per Kg. of water. 
The assumed distribution ratio would be 0.95. 


II. Sodium exchange time in normal dogs 


The average sodium exchange time in 27 nor- 
mal dogs was 143 + 38 minutes (S.D.), with a 
range of 90 to 260 minutes. The control study 
was repeated in 10 dogs at least one week after the 
initial study. The data are summarized in Table I. 
The mean difference between the paired control 
studies was +3.0+17.0 minutes. The mean 
difference of + 3.0 was found to be not signifi- 
cantly different statistically from zero at the .01 
level of significance, by Student’s “t” test (8). 
In subsequent experiments, the effect of the vari- 
ous drugs and procedures on the sodium exchange 


TABLE I 


Sodium exchange time in normal dogs: Duplicate studies 





Second 
study 


First : 
study Difference 





min. 
+25 
+15 
—30 


min. min. 
135 160 
260 275 
115 85 
200 210 +10 
125 125 0 
110 130 +20 

95 95 0 
130 125 -— § 
140 125 —15 
140 150 +10 


+3.0 min. 


Mean difference 
S.D. +17.0 min. 
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time was tested and analyzed statistically by 
Wald’s method of sequential analysis (9). The 
standard deviation of differences in half-time 
during the control and experimenta! studies was 
assumed to be twice as large as the standard de- 
viation of differences in half-time on duplicate 
control readings. The upper limit of the 90 per 
cent confidence interval for the true standard de- 
viation of differences in half-time on duplicate con- 
trol readings was taken as the estimate of the true 
standard deviation. The data are summarized in 
Table II. 


III, Factors altering sodium exchange time (see 
Table II) 


1. Vasopressin. The effect of vasopressin on 
the sodium exchange time was determined in six 
dogs. Four dogs were given intravenously 2 to 5 
units of vasopressin per Kg. of body weight. Two 
dogs were given intravenously 5 units per Kg. of 
body weight and each an additional 3 units and 5 
units per Kg. by intramuscular route. The intra- 
muscular doses were divided so that 1 unit and 
1.7 units respectively were given at the end of the 
first, second and third 45 minute intervals. A 
dosage of 2 units per Kg. of body weight did not 
alter the control time. Dosages of 5 units per Kg. 
of body weight resulted in a statistically significant 
decrease in sodium exchange time. No statistical 
statement can be made about the animals receiving 
a total of 8 and 10 units per Kg., respectively, but 
the data are interpreted to illustrate also an effect 
at the higher dosage levels. The difference be- 
tween the control and experimental half-times in 
the five animals receiving the higher dosages var- 
ied between a decrement of 45 and 75 minutes. 
The fall in half-time varied between 35 per cent 
and 85 per cent of the control values in these 
animals, 

Such large dosages of vasopressin have a sig- 
nificant effect on the blood pressure. Vasopressin, 
5 units per Kg. of body weight, given intrave- 
nously, results in an acute elevation of the mean 
arterial blood pressure of 50 to 74 per cent above 
its resting level which is sustained for about 10 
minutes. It gradually drops to its initial value 
at the end of one hour. The CSF has a paral- 
lel increase and subsequent fall in pressure. 
To ascertain whether the vasopressin effect on 
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TABLE II 


Summary of control and experimental sodium exchange times and their differences 


Control Experimental 
Experiment Dog half-time half-time Difference 
min. in. min, 
Vasopressin 
2 units/Kg. i.v. RO 95 
5 units/Kg.* iv. WAT 
5 units/Kg. i.v. CL 155 
5 units/Kg. i.v. OL 95 
8 units/Kg. (5 units/Kg. 95 
(3 units/Kg. 
10 units/Kg. (5 units/Kg. i.v. 
(5 units/Kg. 
Acetazolamide 
30 mg./Kg. 
50 mg./Kg. 
100 mg./Kg. 
100 mg./Kg. 
120 mg./Kg.* 


Mass lesion* 
CSF drainage* 


50% sucrose 
1.5 ml./Kg. 
3.0 ml./Kg. 
3.0 ml./Kg. 
5.0 ml./Kg. 
7.0 ml./Kg. XE 125 
5% dextrose /water 
50 ml./Kg. CL 155 
50 ml./Kg. XE 125 
50 ml./Kg. WA 130 
Steroids 
DCA 
2 mg./Kg. (2, in 20 hrs.) BL 145 
2 mg./Kg. (daily, 11 days) BL 145 
Cortisone 
7.5 mg./Kg. (2, in 20 hrs.) WO 170 
7.5 mg./Kg. (daily, 14 days) BL 145 
ACTH 


2 units/Kg. (daily, 12 days) TA 215 
10°% carbon dioxide 
0.5 L./Kg./min. TA 215 
0.5 L./Kg./min. FA 130 
0.5 L./Kg./min. Ci 155 
Norepinephrine 
0.25 mg./Kg. NA 110 
0.25 mg./Kg. CE 200 
0.25 mg./Kg. RO 95 
0.25 mg./Kg. OL 95 
0.50 mg./Kg. NA 110 
Insulin 
3 units/Kg. CU 260 
10 units/Kg. WA 130 
15 units/Kg. XE 125 
Diphenylhydantoin 
20 mg./Kg. MT 130 
40 mg./Kg. WH 140 
20 mg./Kg. (3 days) MO 140 
Chlorothiazide 
100 mg./Kg. FA 130 
200 mg./Kg. OL 95 
Meralluride 
0.25 ml./Kg. XE 125 
0.4 ml./Kg. UG 115 
Neostigmine 
0.1 mg./Kg. UG 115 95 
0.1 mg./Kg. OL 95 100 5 


I++ + +1 


co 


*For each starred experimental group, a statistically significant change in half-time, on the average, was deter- 
mined using Wald’s method of sequential analysis (8). The level of significance, a1, was .05. The statistical tests 
were formulated so that a true mean sodium exchange half-time of 30 minutes (or more) would be detected with 95 
per cent (or more) certainty. No statistical decision could be made about the remainder of factors. 

+ These dogs were not suitable for statistical analysis. 
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sodium exchange time was due to the action of 
antidiuretic hormone or a nonspecific response 
due to the marked elevation in blood pressure, 
the effect of hypertension induced by norepineph- 
rine on the exchange time was studied (see 
below). 

2. Acetazolamide. The effect of acetazolamide 
on the sodium exchange time was determined in 
five dogs. The dosage varied between 30 and 120 
mg. per Kg. of body weight. Acetazolamide, 100 
mg. per cent, was administered intravenously and 
the Na** was injected five minutes later for the 
exchange study. In each case there was a marked 
increase in the sodium exchange time. The dif- 
ference between the control and experimental half- 
times ranged between 70 and 130 minutes, or 54 
to 137 per cent greater than the control value. 
The average delay in the five dogs was 98 min- 
utes. A formal statistical decision could be made 
with regard to the 120 mg. dosage only, but the 
data are interpreted to illustrate an effect at all 
dosage levels administered. There was no ob- 
vious correlation, however, between the dosage ad- 
ministered and the magnitude of the delay. The 
decrease in sodium exchange time cannot be cor- 
related with a fall in the intracranial pressure. 
To the contrary, the intravenous administration of 
acetazolamide to anesthetized dogs resulted in an 
increase in CSF pressure. The effect of aceta- 
zolamide, 50 mg. and 100 mg. per Kg. of body 
weight, 5.0 and 9.5 ml., on the CSF pressure was 
determined in two anesthetized dogs. The cis- 
ternal fluid pressure was recorded for a 40 min- 
ute control period prior to the injection and for 
160 minutes afterwards. The data are seen in 
Figure 2. The intracranial pressure in a control 
dog was also recorded. The intravenous adminis- 
tration of acetazolamide in these doses resulted in 
a rapid increase in intracranial pressure which was 
sustained over the 160 minute period. An injec- 
tion of 10 ml. of normal saline to the control dog 
was without significant effect. 

3. Intracranial mass lesion. A _ sustained in- 
crease in intracranial pressure lasting two to three 
weeks may be achieved by the placement of an 
epidural mass of bone wax and dental cement. 
The methods and resulting changes have been 
previously described in detail (10). Similar mass 
lesions were created in two dogs, each having had 
a control study one week prior to operation. Five 
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days postoperatively the radio-sodium studies were 
repeated. The initial pressures preoperatively in 
each were 90 and 110 mm. water. The postopera- 
tive initial pressures were 260 and 240 mm. of 
water, respectively. In Dog PL the control ex- 
change time was 150 minutes, the postoperative 
time was 60 minutes. In Dog CH the control ex- 
change time was 175 minutes, the postoperative 
time was 120 minutes. 

4. Cerebrospinal fluid drainage. The effect of 
a marked decrease in intracranial pressure and 
CSF volume on the sodium exchange time was 
studied by the removal (gravity and gentle syr- 
inge drainage) of all the CSF that could be ob- 
tained over a five minute period. The initial 
pressures in two dogs were 80 and 85 mm. water. 
A total of 7 ml. of CSF was removed from each 
animal. This usually results in an intracranial 
pressure of — 50 to — 70 mm. water (11). The 
tracer was then injected intravenously and the 
sodium exchange time determined in the usual 
manner. The control exchange time in the first 


dog was 175 minutes and in the second, 135 min- 
Following CSF drainage, the times were 
90 and 110 minutes respectively. 


utes. 


IV. Factors not altering sodium exchange time 
(see Table IT) 


1. Fifty per cent sucrose. The rapid intrave- 
nous administration of 50 per cent sucrose results 
in a rapid fall in intracranial pressure (12). The 
effect of a hypertonic sucrose load on the sodium 
exchange time was determined as follows: Five 
experiments were performed in which 1.5 to 7.0 
mil. of 50 per cent sucrose per Kg. of body weight 
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was injected intravenously over a two minute pe- 
riod with the tracer dose of sodium in the same 
syringe. The sodium exchange time was per- 
formed in the usual manner. In no case was the 
sodium exchange appreciably different from the 
control value obtained at least seven days previ- 
ously. 

2. Five per cent dextrose in water. The rapid 
intravenous injection of large volumes of 5 per 
cent dextrose in water results in a marked in- 
crease in intracranial pressure. Previous study 
(10) of seven normal dogs revealed that a dos- 
age of 50 ml. per Kg. of body weight of 5 per 
cent dextrose in water, injected over a five min- 
ute period, resulted in a sustained increase in in- 
tracranial pressure. The average intracranial 
pressure was 77 per cent above the initial pressure 
over the first two hours and was still elevated at 
the end of four hours. The effect of such a water 
load upon sodium exchange was measured in 
three animals, each having had a previous control 
study. In each case, 50 ml. per Kg. of body weight 
of 5 per cent dextrose in water was given intrave- 
nously over a five minute period. Immediately 
thereafter Na** was given and the exchange de- 
termined in the usual way. In no case was the so- 
dium exchange rate appreciably different from 
the control rate obtained at least seven days 
previously. 

3. Steroids. The effect of desoxycorticosterone 
acetate (DCA), cortisone and adrenocorticotropic 
hormone (ACTH) on the sodium exchange rate 
was also studied. In each dog a control study 
had been made at least one week earlier. The ef- 
fect of DCA was studied after acute and chronic 
administration. In Dog BL 2 mg. of DCA per 
Kg. of body weight was administered intramus- 
cularly 20 hours and again 90 minutes prior to 
beginning the Na** study. The control sodium 
exchange time was 145 minutes and the experi- 
mental time was 145 minutes revealing that this 
dosage of DCA did not alter sodium exchange. 
This dog was subsequently given DCA daily, 2 
mg. per Kg. of body weight intramuscularly for 
11 days. Then the sodium exchange study was 
repeated, revealing a half-time of 140 minutes. 
Thus neither acute nor chronic administration of 
DCA appreciably altered the sodium exchange 
time. The prolonged administration of DCA did 
not appreciably alter the serum or CSF sodium 
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concentration or the CSF potassium concentra- 
tion. The serum potassium, however, fell from 
a control value of 4.1 mEq. per L. to 2.7 mEq. 
per L. 

The effect of cortisone was studied after acute 
and chronic administration. In Dog WO 7.5 
mg. of cortisone per Kg. of body weight was given 
intramuscularly 20 hours and again 90 minutes 
prior to beginning the Na** study. The control 
sodium exchange time was 170 minutes and the 
experimental time was 165 minutes, revealing 
that this dosage of cortisone did not alter sodium 
exchange. Another dog, BL, was given cortisone 
at the rate of 7.5 mg. per Kg. of body weight daily 
for 14 days. The control exchange time in this 
animal was 150 minutes. Following the chronic 
cortisone administration, the half-time was 160 
minutes. Thus neither acute nor chronic ad- 
ministration of cortisone appreciably altered the 
sodium exchange time. 

The sodium exchange time was studied in one 
dog following intramuscular administration for 12 
days of ACTH, 2 units per Kg. of body weight 
per day. The control sodium exchange time was 
215 minutes. The exchange time after ACTH 


was 235 minutes. Thus no appreciable change in 
the sodium exchange time was detected. 

4. Ten per cent carbon dioxide in oxygen. The 
effect of inhalation of 10 per cent carbon dioxide 
in oxygen on the sodium exchange time was stud- 


ied in three dogs. A cuffed endotracheal tube, 24 
inches long, was inserted to the carina and the gas 
mixture supplied by a catheter inserted in the 
endotracheal tube to reach the carina. The gas 
mixture was supplied at a rate of 0.5 L. per Kg. of 
body weight per minute for 10 minutes, then the 
tracer dosage was given, and the gas mixture was 
continued for the following 225 minutes. The 
sodium exchange time was not appreciably af- 
fected in any case. 

5. Norepinephrine. The effect of norepineph- 
rine was studied in five dogs. These animals were 
given very large doses to maintain a mean blood 
pressure level elevation between 50 and 150 per 
cent above the control pressure. These acute 
systemic blood pressure elevations were paral- 
leled by an elevation in CSF pressure. Norepi- 
nephrine bitartrate was given (2 mg. norepineph- 
rine bitartrate is equivalent to 1 mg. of norepi- 
nephrine base) by the intramuscular route, in 
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dosages of 0.25 mg. or 0.5 mg. per Kg. of body 
weight. Half the dose was given at zero time 
and one-quarter the dose at one hour and at two 
hours after the injection of the Na**. In no case 
was the exchange time appreciably altered by the 
sustained hypertension. 

6. Insulin. The effect of large dosages of insu- 
lin on the sodium exchange time was determined in 
three dogs. Each dog received 3, 10 or 15 units 
of crystalline insulin per Kg. of body weight. 
The dogs were fasted for at least 12 hours prior 
to these experiments, The insulin was given in- 
travenously 10 minutes before the injection of 
the Na** for determination of the exchange time. 
In each case, there was no appreciable change in 
sodium exchange time. 

7. Diphenylhydantoin. The effect of parenteral 
administration of diphenylhydantoin was deter- 
mined in three dogs. In two dogs diphenylhy- 


dantoin, 20 mg. and 40 mg. per Kg. of body 
weight, was injected intravenously five minutes 
prior to the injection of Na** for the exchange 
study. In neither animal did the sodium exchange 
time differ significantly from the control value. 
In one dog diphenylhydantoin, 20 mg. per Kg. of 


body weight, was injected intramuscularly for 
three days. Twenty-four hours after the third in- 
jection the sodium exchange study was repeated. 
The half-time did not appreciably differ from the 
control value previously obtained. 

8. Chlorothiazide. The effect of chlorothiazide 
on the sodium exchange time was determined in 
two dogs. The animals were given 100 mg. and 
200 mg. chlorothiazide intravenously 10 minutes 
prior to the injection of Na** for the exchange 
study. In neither animal did the experimental 
half-time differ from the control value. 

9. Meralluride. The effect of meralluride 
(Mercuhydrin®) on the sodium exchange time was 
determined in two dogs. The dogs received 
meralluride by the intramuscular route 18 hours 
and 90 minutes prior to injection of Na**. The 
dogs were given 0.25 ml. and 0.4 ml. per Kg. of 
body weight at each of these times. In neither 
case did the experimental half-time differ appre- 
ciably from the control value. 

10. Neostigmine. The effect of neostigmine on 
the sodium exchange time was determined in two 
dogs. The dogs were both given intravenously 0.1 
mg. per Kg. of body weight of neostigmine methyl 
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sulfate immediately preceeding the injection of 
Na**. No appreciable change in exchange time 
was noted. 

DISCUSSION 


The existence of a blood-CSF barrier to sodium 
has been verified by several workers (5, 6, 13, 14). 
Radio-sodium has been shown to reach equilibrium 
throughout the extracellular fluid within 25 min- 
utes following intravenous injection (5), while 
the equilibrium time for CSF has been estimated 
at about 20 hours (13). 

No statistical difference between the concen- 
tration of sodium in serum and CSF was detected, 
using the flame photometer, confirming previous 
reports in man (1) and dogs (2). However, a 
distribution ratio (CSF/serum) of 0.95 was cal- 
culated, correcting for differences in water con- 
tent of the fluids. Davson (4) has reported dif- 
ferences in the distribution ratio in various species. 
It varied between 0.97 in a horse and 1.04 in 
guinea pigs, and was 0.975 in dogs. This inter- 
species variation has not been explained. 

The rate of exchange of Na** between the plasma 
and CSF is probably dependent on many inde- 
pendently operating permeability factors. The 
“barrier” anatomically must be considered to be 
composed of a number of structures, including the 
capillary endothelium, pia-glial membranes, cho- 
roid plexus, ependyma and arachnoid membrane, 
each of which probably has different permeability 
characteristics. The methods utilized in this study 
are considered to measure the net result of many 
factors affecting the exchange rate, and they do 
not throw light on the relative importance of the 
various membranes which constitute the barrier. 
The control studies have shown that the methods 
used have a satisfactory degree of reproducibility, 
though only major changes in exchange time can 
be detected. The marked variation of the control 
values in different dogs required that each dog be 
used as its own control. This variation is prob- 
ably related to the anatomical variation among 
mongrel dogs. The importance of removing a 
standard amount of CSF at a standard time in- 
terval in determining the exchange time is demon- 
strated by noting the effect of spinal drainage. 
Thus a somewhat different exchange time would 


' be expected if, for example, 1 ml. samples were 


removed at 30 minute intervals, This may par- 
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tially explain differences in half-times as reported 
by various authors (5, 6, 13). 

A major limitation of the method used is the 
failure to take into account alterations in the vol- 
ume of CSF. The exchange times in a given dog 
are comparable in various experimental situations 
only if the volume of CSF into which the tracer 
equilibrates remains constant. There is no satis- 
factory method for determining CSF volume in 
vivo—a major limiting factor in research with re- 
gard to the physiology of the cerebrospinal fluid. 
Thus, in the present experiments which record a 
marked decrease in exchange time following CSF 
drainage, it is impossible to state whether this 
represents increased permeability of the mem- 
branes secondary to the change or 
whether the permeability is unchanged but the 
tracer is distributed into a much smaller volume of 
With this consideration in mind, the vari- 


pressure 


CSF. 
ous experimental procedures and the possible 


interpretation of the data will be considered. 

The administration of vasopressin resulted in a 
dramatic fall in sodium exchange time. This ef- 
fect was not secondary to the hypertension that 
large doses of vasopressin produced, as even 
greater blood pressure elevation obtained with 
norepinephrine did not alter the sodium exchange 
time. Ussing has demonstrated that vasopressin 
strikingly increases the exchange of sodium and 
water across the frog epithelium (15). The hor- 
mone is considered to increase the size of indi- 
vidual pores or cellular channels in the mem- 
brane (16). Berliner, Levinsky, Davidson and 
Eden (17) also consider the effect of vasopressin 
on urinary concentration to result from the action 
of the hormone on tubular epithelial permeability. 
The effect of vasopressin on the blood-CSF bar- 
rier may be considered analogous to its effect on 
frog epithelial membranes, 1.e., it facilitates ion 
and solvent exchange by increasing pore size or 
cellular channels in the membrane. It should be 
noted that this effect was obtained with amounts 
far exceeding the physiological range. The ob- 
servation is of particular interest in that it sug- 
gests the hormone may affect mammalian mem- 
branes other than the renal epithelium. It is un- 
likely, however, that vasopressin has any impor- 
tance physiologically in the control of the perme- 
ability of the blood-CSF barrier. 

Acetazolamide, an inhibitor of the enzyme car- 
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bonic anhydrase, is present in high concentration 
in the choroid plexus and brain as well as in red 
cells and kidney (18). The present studies have 
revealed the sodium exchange time to be greatly 
prolonged by acetazolamide, confirming a previ- 
ous report of Davson and Luck (14). Carbonic 
anhydrase presumably facilitates sodium transport 
in tissues by making hydrogen ions available for 
exchange (19). Acetazolamide does not alter the 
distribution ratios of sodium, potassium and 
chloride between CSF and plasma (18), i.e., it 
decreases the rate of exchange of sodium but not 
its concentration. Thus sodium exchange between 
the plasma and CSF is in part dependent upon an 
enzyme which facilitates “active transport” of the 
ion. The cellular elements concerned with this 
secretory process probably include the choroid 
plexus as well as the cerebrum, both having a high 
concentration of the enzyme (18). In the present 
studies, acetazolamide administration resulted in a 
marked increase in CSF pressure. There is con- 
siderable divergence in the literature about the 
effect of acetazolamide on CSF pressure with re- 
ports of both increased (20-22) and decreased 
(18,23-25) CSF pressure resulting from adminis- 
tration of the drug. These differences depend in 
part upon the route of administration of the drug. 
The decrease in pressure, reported by Tschirgi, 
Frost and Taylor (24) after intravenous injection 
in artificially respired paralyzed cats, has been at- 
tibuted to the hypertonicity of the acetazolamide 
solution that was administered (26). It appears 
likely that intravenous administration results in 
an acute increase in intracranial pressure because 
of a locai tissue increase in carbon dioxide tension 
which results in cerebrovascular dilatation (21). 
The explanation for the reported decrease in pres- 
sure with chronic oral administration in patients 
(18, 25) is not clear. It cannot be secondary to 
the decreased sodium exchange fate as the intra- 
cranial pressure may vary independently of the 
exchange rate, nor has there been any definite 
change reported in pH, carbon dioxide, bicarbo- 
nate, or state of hydration to explain these obser- 
vations. It appears likely that variation in the 
level of the CSF pressure is largely dependent 
upon acute vascular adjustments. Increased pres- 
sure is avoided with oral administration of the 
drug because sudden local increases in carbon di- 
oxide tension probably do not occur. 
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The data have demonstrated that Na** exchange 
is more rapid in the presence of an epidural mass 
lesion associated with increased intracranial pres- 
sure. Since the presence of the intracranial mass 
results in a decreased intracranial volume, a de- 
creased CSF volume may contribute to the ap- 
parent increase in sodium exchange. However, 
postmortem examination has revealed that the 
brain compression is marked and there is only a 
slight decrease in ventricular volume (10). It is 
likely that the increased permeability of the blood- 
brain barrier adjacent to mass lesions, which is 
reflected by the increased permeability to radio- 
iodinated serum albumin (27) and radio-phos- 
phorus (28), is also partly responsible for the 
apparent increase in penetration of radio-sodium 
into the subarachnoid space. This may be con- 
sidered analagous to the increase in protein con- 
tent of the CSF commonly associated with mass 
lesions. 

Major osmotic shifts did not affect the sodium 
exchange time. The large amounts of hypertonic 
sucrose administered reduced the intracranial pres- 
sure to about 50 per cent of the initial pressure 
(12). The rapid intravenous administration of 5 
per cent dextrose in water, as given, resulted in a 
77 per cent increase in intracranial pressure (10). 
While alterations in the volume of the CSF and 
of the fluid compartments of brain under these 
circumstances cannot be quantified, the sodium 
exchange appears to continue at a rate independent 
of the induced osmotic changes. 

The effect of DCA, cortisone and ACTH on the 
sodium exchange time was studied in view of the 
effect of these compounds on brain function, nota- 
bly convulsive threshold. Cortisone has been re- 
ported to lower, and desoxycorticosterone to raise, 
electroshock threshold in animals and man (29, 
30). Woodbury, Timaris and Vernadakis have 
also reported that cortisone and DCA have op- 
posing effects on sodium transport in rat brain 
(31). In the present study this phenomenon 
could not be demonstrated with regard to sodium 
exchange between serum and CSF. Davson has 
shown that radio-sodium reaches equilibrium in 
brain and CSF at the same rate (7), suggesting 
a common mechanism. The failure to obtain an 
effect in the present studies, similar to that de- 
scribed by Woodbury and associates (31), is not 
explained. 
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The adniinistration of 10 per cent carbon diox- 
ide in oxygen results in a marked increase in cere- 
bral blood flow as well as a reduction in the pH 
of both plasma and CSF (32). The inhalation of 
5 per cent carbon dioxide in oxygen has been re- 
ported to result in an increase in the rate of entry 
of radio-sodium into the CSF in human subjects 
(33). Inhalation of 50 per cent carbon dioxide 
has also been reported to result in an increase in 
brain intracellular sodium concentration in rats 
(34). In the present study, however, carbon di- 
oxide inhalation did not affect the sodium ex- 
change time. 

The effect of large dosages of insulin was stud- 
ied to detect whether profound hypoglycemia, with 
its associated change in brain function, might be 
reflected in a change in permeability of the blood- 
CSF barrier to sodium. Insulin hypoglycemia, 
which suppresses cerebral oxygen consumption 
and metabolism (35), did not affect the perme- 
ability of the barrier to sodium in the dosage 
used, 

The effects of chlorothiazide and meralluride on 
sodium exchange were surveyed because both of 
these compounds have a profound effect on ion 
transport in the renal tubule, and it was considered 
reasonable to determine whether an effect on the 
blood-CSF barrier, particularly on the choroid 
plexus, could be detected. Chlorothiazide inter- 
feres with both sodium and chloride transport 
across the tubular epithelium (36), while the mer- 
curials primarily effect chloride exchange, with 
the changes in sodium excretion generally con- 
sidered as secondary phenomena (37). Neither of 
these drugs, however, had any detectable effect on 
sodium exchange in the present experiments. 

Study of the effect of diphenylhydantoin on the 
sodium exchange time was prompted by Wood- 
bury’s report that diphenylhydantoin accelerates 
the active process controlling sodium movement 
across brain cells in rats (38). The present study 
has failed to reveal any effect of diphenylhydantoin 
on the sodium exchange between plasma and 
CSF. 

Study of the effect of neostigmine on sodium ex- 
change was prompted by the reports of Greig, 
Holland and Mayberry (39, 40) and Becker and 
Aird (41) implicating the acetylcholine-cholines- 
terase system in the control of cerebral perme- 
ability. The present study has failed to reveal any 
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effect of neostigmine on the permeability of the 
blood-CSF barrier to sodium. 

In summary, the present studies have revealed 
that the exchange of sodium between serum and 
CSF is strikingly constant in the face of a wide 
variety of pharmacological and physiological al- 
terations. Thus, the following procedures failed 
to alter exchange: major osmotic shifts in either 
direction; large doses of cortisone, DCA and 
ACTH; 10 per cent carbon dioxide ; sustained hy- 
pertension induced by norepinephrine; insulin 
hypoglycemia; chlorothiazide; meralluride; and 
neostigmine. Sodium exchange was unchanged 
in the face of increased intracranial pressure in- 
duced by a load of 5 per cent dextrose in water 
or by norepinephrine, and was also unaffected by 
decreased intracranial pressure induced by a hy- 
pertonic sucrose load. Permeability to sodium 
was increased by extradural cerebral compression 
which has been considered above as a nonspecific 
effect. The apparent increase in exchange fol- 
lowing drainage cannot be satisfactorily evaluated. 
The most striking effects have been obtained with 
acetazolamide and vasopressin. It is concluded 
that the acetazolamide effect proves that sodium 


exchange is in part dependent upon active trans- 


port of the ion. The vasopressin effect is inter- 
preted as an example of the ability of antidiuretic 
hormone to increase membrane permeability in 
mammalian tissues other than the renal tubule. 
These demonstrations of the relative constancy 
of sodium exchange supplement the previous stud- 
ies of Cooper, Lechner and Bellet (2) which re- 
vealed that the ionic composition of CSF is 
maintained within very narrow limits despite ma- 
jor changes in the plasma electrolyte concentration. 
There is abundant evidence that the CSF is in 
dynamic equilibrium with the extracellular fluid 
of brain (7, 42). Recent evidence, largely de- 
rived with electron microscopy, throws doubt on 
the existence of an extracellular fluid space in 
brain and suggests that the extracellular fluid 
space represents the neuroglial cytoplasm (43). 
For the present, however, the extracellular fluid 
space, regardless of its true structural nature, is 
a useful concept. It appears likely that the blood- 
CSF barrier, anatomically a complex of mem- 
branes with selective permeability, functionally 
serves to stabilize the composition of the CSF and 
in turn the brain extracellular fluid, and so con- 
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tributes to the maintenance of a stable internal 
environment for the central nervous system. 


SUMMARY 


The exchange of Na** between plasma and 
cerebrospinal fluid (CSF) has been studied in 
anesthetized dogs. The average exchange time 
(half-time) in 27 normal dogs was 143 + 38 min- 
utes (S.D.). The administration of vasopressin 
resulted in a decrease in the exchange time. The 
intravenous administration of acetazolamide re- 
sulted in an increase in the exchange time and in 
a marked increase in intracranial pressure. Both 
increased intracranial pressure secondary to an 
epidural mass and decreased intracranial pres- 
sure secondary to CSF drainage resulted in a de- 
crease in the exchange time. The exchange time 
was not affected by the following drugs and pro- 
cedures: cortisone, desoxycorticosterone or cor- 
ticotrophin, hypertonic or hypotonic intravenous 
solutions, 10 per cent carbon dioxide, norepineph- 
rine, insulin hypoglycemia, diphenylhydantoin, 
chlorothiazide, meralluride or neostigmine. There 
was no direct correlation between change in in- 
tracranial pressure and the sodium exchange time. 
The significance of these data with regard to the 
blood-CSF barrier has been discussed. 
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Infusions of normal marrow will prevent death 
from marrow failure in animals that have re- 
ceived lethal doses of total body irradiation, doses 
of the order of 1,000 roentgens (r.) (1). By anal- 
ogy similar infusions might be expected to be use- 
ful in treating postradiative marrow failure in man. 
Two patients with leukemia requiring treatment by 
radiation have been given 850 r. and 1,140 r., re- 
spectively. Each patient had an identical twin to 
serve as donor of normal isologous marrow. In 
these twins it was possible to study the problems of 
lethal irradiation and marrow restoration free 
from the immunologic complications of homo- 
transplantation. It was also possible to observe 
the effect of lethal irradiation upon leukemia in 
man. 

METHODS 


The methods of obtaining, preparing, storing and in- 
fusing bone marrow have been described previously (2, 
3, 4). The two Co” units used to administer whole body 
irradiation have also been described (5). All blood 
transfusions were of freshly obtained blood drawn into 
plastic bags containing 50 ml. of 1.5 per cent ethylene- 
diamenetetraacetic acid (EDTA) and 0.7 per cent NaCl.1 
A platelet transfusion (one unit of platelets) represented 
the platelet concentrate from 500 ml. of blood obtained by 
differential centrifugation in plastic bags! (6). Platelet 
counts were performed with a phase microscope by the 
method of Brecher and Cronkite (7). Reticulocytes were 
counted by the method of Brecher (8). Hemoglobin was 
determined by the cyanmethemoglobin method (9). 


CASE REPORTS 


Case I: (D. C. Number 79389). This colored female 
aged two years and eleven months was admitted to the 


* Supported by a grant from the John A. Hartford 
Foundation, Inc.; Research Grant C-2643 from the United 
States Public Health Service; and by Contract AT (30-1) - 
2005 from the United States Atomic Energy Commission. 

+ Presented in part before the national meeting of the 
American Society for Clinical Investigation, May, 1959. 


1Fenwal EDTA _ Blood-Pack, Ethicon, Somerville, 
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Mary Imogene Bassett Hospital for the first time on 
October 4, 1958. She was one of identical twins with a 
history of normal development. She was seen at the 
Harriet Lane Home of the Johns Hopkins Hospital, 
Baltimore, Maryland on June 11, 1958 because of swell- 
ing of the eyes and lips, diagnosed as angioneurotic 
edema, which responded to Benadryl®. She was ad- 
mitted to the Harriet Lane Home on July 25, 1958 be- 
cause of night sweats, vomiting, mild fatigue and a low- 
grade fever. At that time her white blood cell count 
was 45,000 per cu. mm., and the differential showed 57 
per cent blast cells. The hematocrit was 20 per cent. 
A bone marrow study showed hypocellularity and numer- 
ous blast cells. A diagnosis of acute leukemia was made. 
Initially the patient was treated with 6-mercaptopurine, 
2.5 mg. per day. On August 29, 1958 Prednisone® was 
started at 30 mg. per day and increased to 40 mg. per day 
on September 9. On September 26, 6-mercaptopurine was 
discontinued and Methotrexate® was started at 2.5 mg. 
per day. There was no sign of remission, and the pa- 
tient’s persistent anemia required transfusions of 250 ml. 
of whole blood on August 14, August 27 and September 
14. Because of failure to secure a remission on chemo- 
therapy and because the patient had an identical twin, it 
was decided to transfer her to the Mary Imogene Bassett 
Hospital for whole body irradiation and marrow trans- 
plantation. 

Her physical examination on admission showed re- 
semblance to Cushing syndrome. There were shotty 
cervical and inguinal nodes and one small left axillary 
node. The abdomen was protuberant, and the spleen ex- 
tended 2 cm. below the left costal margin. The liver was 
not enlarged. 

Laboratory data showed a normal urinalysis. The he- 
moglobin was 4.6 Gm. per cent. The white blood cell 
count was 3,600 per cu. mm. with 19 polymorphonuclear 
leukocytes, 2 band forms, 2 blast cells, 50 lymphocytes, 5 
atypical lymphocytes, 1 young lymphocyte and 21 mono- 
cytes. There were 20 nucleated red cells per 100 white 
cells. The platelet count was 33,000 per cu. mm. and 
the reticulocyte count 2.7 per cent. A chest X-ray was 
normal. 

The patient was continued on Prednisone®, 40 mg. daily. 
She had been receiving Methotrexate®, 7.5 mg. daily. 
This drug was discontinued on October 9. The patient 
was placed in strict isolation. She was observed for 
infection, and frequent cultures showed no significant 


organisms. Whole body irradiation was started on 
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October 10. Irradiation was administered with a Gen- 
eral Electric Maximar Unit operating at 250 KV. and 
5 ma, HVL 2.2 mm. Cu. On October 10 she received 
an air dose of 75 r. to the front of the body and also to 
the back of the body. The total irradiation time was 225 
minutes. This procedure was repeated on October 11. 
The total calculated mean midline tissue dose was 200 r. 

The marrow donor was considered to be an identical 
twin on the basis of appearance, a documented single 
placenta and identical blood type. On October 7 the 
marrow donor was taken to the operating room, and 
under general anesthesia 25 marrow 
performed on the sternum, tibiae and anterior and pos- 
terior iliac crests. This marrow was transferred imme- 
diately to Hanks’ solution containing 0.1 mg. of Con- 
naught heparin? per ml. and passed through stainless 
steel screens. A total of 0.92 x 10° nucleated marrow 
cells was obtained. A differential count on this marrow 
showed it to be normal. The marrow was frozen in 15 
per cent glycerol and stored at — 80° C. (4). On October 
12 this marrow preparation was thawed, deglycerolized 
and administered to the irradiated recipient. On October 
13 the marrow donor was again subjected to 20 marrow 
aspirations under general anesthesia from the above listed 
sites. A total of 0.35 x 10° nucleated marrow cells was 


aspirations were 


2Connaught Medical Research Laboratories, Toronto, 
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obtained, screened and administered immediately to the 
recipient. There was no reaction to the administration 
of either of these marrow preparations. 

The hematologic events postradiation are shown in 
Figure 1. The patient did not vomit or exhibit diarrhea 
as the result of the irradiation. She did quite well clini- 
cally. On the fourth day following irradiation she was 
given one unit of platelets. On the ninth day she was 
discovered to have a hemolytic staphylococcus aureus, 
coagulase negative in her throat culture. This organism 
was sensitive to chloramphenicol and erythromycin. On 
the twenty-second postirradiation day her temperature 
went up to 103.4 F°. There was no clinical evidence of 
infection. However, she was started on Chloramphenicol®, 
800 mg. daily, erythromycin, 800 mg. daily, and Myco- 
statin®, 300,000 units daily. Over the next four days the 
patient’s temperature varied from normal to 103°. 
Thereafter she became afebrile except for diurnal varia- 
tions with maximum readings of 100.2°. On the thirty- 
first postirradiation day antibiotics were stopped. The 
changes in the white blood cell count during the period 
of antibiotic administration are illustrated in Figure 1. 
On the twenty-fifth postirradiation day the patient was 
given 300 ml. of fresh whole blood. A bone marrow 
study on that day showed a cellular marrow. Several 
normal megakaryocytes were seen. The myeloid-erythroid 
ratio was 5 to 1. There was an increased number of ma- 
ture lymphocytes but no abnormal cells. This was in- 
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terpreted as normal marrow without evidence of 
leukemia. 

The patient continued to feel well and her activities 
were increased. Between the sixteenth and the twenty- 
eighth postirradiation day, Prednisone® was decreased to 
a level of 10 mg. daily. The patient was discharged from 
the hospital on November 25, the forty-fifth day after 
irradiation. 

The patient did well for approximately three weeks 
and then began to run a low-grade fever. She was seen 
at the Harriet Lane Home on December 29, at which 
time there was no clinical evidence of infection. She had 
had no bleeding. The hemoglobin was 6 Gm. per cent, 
the white blood cell count 6,300 per cu. mm. and the 
platelet count 58,000 per cu. mm. Blood smears showed 
15 per cent monocytes and 4 per cent blast cells, inter- 
preted as monoblasts. In the meantime, the twin Co” ir- 
radiation unit had been placed in operation at the Mary 
Imogene Bassett Hospital. Accordingly, it was decided 
to re-irradiate the patient at a higher dose level. She 
was admitted to the Mary Imogene Bassett Hospital on 
January 17, 1959. Prednisone® had been discontinued on 
December 29 and the previously observed Cushing syn- 
drome features were no longer present. There were 
petechiae on the buccal mucosa. The spleen was not 
palpable. 

Initial laboratory data showed a normal urinalysis. 
Peripheral blood counts are given in Figure 2A. A bone 
marrow study before radiation showed a cellular marrow 
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with occasional megakaryocytes. Approximately 50 per 
cent of the marrow cells were blasts of stem cell type. 

Whole body irradiation with the Co” sources was 
started on January 22 and completed on January 23. 
The irradiation time was 22 hours and 20 minutes, and 
the total elapsed time was 26 hours and 21 minutes. The 
total dose administered was 1,140 r. in air measured at 
the midline of the patient. (Calculated midline tissue 
dose, 1,003 r.). 

Marrow was obtained from the normal twin as previ- 
ously described. On January 24, the first day after ir- 
radiation, a total of 1.36 < 10° nucleated marrow cells was 
administered. On January 28, the fifth postirradiation 
day, marrow was again obtained from the twin and a 
total of 0.95 x 10° cells was administered to the patient. 
Because of failure of the platelet count to recover, a third 
series of marrow aspirations was performed on February 
26, the thirty-fourth day following irradiation. This ma- 
terial was not screened but was administered immediately 
to the recipient. Approximately 0.1 x 10° nucleated mar- 
row cells was administered directly into the posterior iliac 
crest, and an additional 0.8 x 10° nucleated cells was 
given intravenously. There was no evidence of reaction 
to the marrow infusions. 

The postradiation hematologic data are shown in 
Figure 2A, and the clinical course of events is shown in 
Figure 2B. The patient was given oral neomycin for a 
period of four days before irradiation was begun. On 
the first day after irradiation she was started on gamma 
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globulin, 1 ml. intravenously with slowly increasing doses 
up to approximately 10 ml. every other day ending on 
the nineteenth postirradiation day. On the fifth postir- 
radiation day her temperature went up to 102.4°, and 
she was started on penicillin and streptomycin. She 
was afebrile by the ninth postirradiation day. 

During the, immediate postirradiation period the pa- 
tient suffered repeated epistaxes. Because of this she 
received frequent infusions of fresh platelets or fresh 
whole blood. Because of bleeding Prednisone® was started 
on the eighth day following irradiation. After initial 
doses of 50 mg. she was maintained on 16 mg. daily and 
slowly tapered to 4 mg. daily by the nineteenth day. 
Thereafter she was maintained at this level. By the 
eleventh day the major bleeding had subsided. The pa- 
tient was eating well. She then did well clinically, ex- 
cept for febrile reaction to blood transfusions on the forty- 
sixth and forty-ninth postirradiation days. 

On the thirty-second postirradiation day a marrow as- 
piration was performed and numerous particles were ob- 
tained. The myeloid-erythroid ratio was 5 to 1 with 
a normal maturation sequence in both series. There was 


no evidence of leukemia. A careful search of a number 
of marrow particles failed to demonstrate any megakaryo- 
cytes. 

On the forty-eighth postirradiation day a marrow as- 
piration showed 22 per cent blast cells and a diagnosis 
of recurrent leukemia was made. The patient was dis- 
charged from the hospital on March 17, the fifty-third day 
after irradiation. 

On March 21 she fell at home and developed a hema- 
toma of the forehead. She was admitted to the Harriet 
Lane Home on March 22 in coma. The white blood cell 
count was 61,700 per cu. mm., and the differential count 
showed 35 per cent blast cells. She died on March 26, 
the one hundred sixty-sixth day following the first ir- 
radiation, and the sixty-second day following the sec- 
ond irradiation. A postmortem examination was not 
performed. It should be noted that the remission after 
1,140 r. was 48 days whereas it was 66 days after the 
original 200 r. 

Case II: (D. W. Number 80151). This white female 
aged four years and nine months was admitted to the 
Mary Imogene Bassett Hospital on December 10, 1958. 
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She was one of identical twins with a normal history 
of growth and development. In November of 1957 she 
complained of aches and pains. Progressive lethargy and 
increased irritability followed. In April of 1958 she was 
admitted to the Eglin Air Force Base Hospital. The 
hemoglobin was 6.5 Gm. per cent, and the white blood cell 
count was 5,200 per cu. mm. A surgical bone marrow 
biopsy was performed, and the diagnosis of acute leuke- 
mia was made and confirmed by the Armed Forces In- 
stitute of Pathology. She was treated with prednisolone, 
20 mg. a day, and a complete remission was obtained in 
five weeks. She was maintained on 15 mg. predniso- 
lone daily. In October of 1958 she again had increasing 
lethargy and irritability. On several occasions she had 
generalized convusions, at one time requiring a trache- 
otomy for control of oropharyngeal secretions. The spinal 
fluid was normal. At this time her hemoglobin was 6 Gm. 
per cent, and bone marrow studies showed the predomi- 
. nant cell to be a lymphoblast. She was treated with 
transfusions and Aminopterin®, 0.5 mg. per day, but the 
drug had to be discontinued after 10 days because of ul- 
cerative stomatitis. On November 19, 1958 she was 
started on Dilantin® for control of convulsions and 
Methotrexate®, 2.5 mg. daily. Prednisolone was discon- 
tinued after a single dose of 40 units of corticotropin in- 
tramuscularly. After three weeks she showed no evidence 
of remission in her leukemia. For this reason she was 
transferred to the Mary Imogene Bassett Hospital for 
whole body irradiation and marrow transplantation. 
Physical examination on admission showed scattered 
ecchymoses. There were a few small firm lymph nodes 
in the neck. The spleen was enlarged 2 cm. below the 
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left costal margin. There was a well healed tracheotomy 
scar. 

The hemoglobin was 15.3 Gm. per cent. The white 
blood cell count was 8,300 per cu. mm. with 57 poly- 
morphonuclear leukocytes, 26 lymphocytes, 9 monocytes, 
1 eosinophile, 2 band forms, 1 atypical lympocyte, 3 young 
lymphocytes and 1 blast cell. The platelet count was 
139,000 per cu. mm. Stool was guaiac negative. On 
December 13 a bone marrow aspiration showed 40 to 50 
per cent blast cells. 

On admission to the hospital the patient was placed in 
strict isolation, She was continued on Dilantin® and 
phenobarbital, but Methotrexate® was discontinued. No 
steroids were given. On December 14 she was started 
on oral neomycin, 2 Gm. daily and Compazine®, 5 mg. 
daily. Whole body irradiation from the twin Co” units 
was carried out on December 15 and 16. The duration 
of irradiation was 24 hours and 20 minutes. The elapsed 
time was 27 hours and 22 minutes. The total dose meas- 
ured in air at the midline of the patient was 850 r. (cal- 
culated midline tissue dose, 748 r.). The patient had 
been vomiting one to three times daily and having con- 
siderable nausea before irradiation was started. This did 
not change during the period of irradiation but ended 
on the second postirradiation day. She had no significant 
diarrhea. 

The patient’s twin sister was assumed to be an iden- 
tical twin on the basis of appearance and identical blood 
type. On December 17, the first day after irradiation, the 
normal twin was taken to the operating room where, un- 
der general anesthesia, a total of 20 marrow aspirations 
were performed on the tibiae and anterior and posterior 
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The small rectangle labeled “Co”” indicates the administration of a midline air dose of 850 r. 
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iliac crests. This marrow was transferred immediately 
to Hanks’ solution containing 0.1 mg. of Connaught hepa- 
rin’ per ml. It was passed through stainless steel screens 
and administered immediately to the patient. The total 
number of nucleated marrow cells after correction for nu- 
cleated cells in the peripheral blood was 3.9 x 10°. There 
was no reaction to the administration of the marrow. 
Examination of smears of this marrow showed a normal 
differential. 

The hematologic events are shown in Figure 3A. Re- 
turning marrow function was evident by the thirteenth 
day. A bone marrow aspiration was performed on the 
thirtieth day after irradiation. The cellularity was nor- 
mal. Normal megakaryocytes were present. The mye- 
loid-erythroid ratio was 2 to 1. The maturation se- 
quence of both myeloid and erythroid cells was normal, 
and no abnormal cells could be found. Plasma cells 
could not be identified. The impression was normal mar- 
row except for the absence of plasma cells. 

The clinical events are shown in Figure 3B. The pa- 
tient’s appetite improved. She was up and about and 
active around her room. A throat culture on the seventh 
day after irradiation showed a staphylococcus aureus 
sensitive to erythromycin. On the ninth day she had 
fever. On the tenth day she was started on streptomycin 
and erythromycin. Fever disappeared and these drugs 
were discontinued on the eighteenth postirradiation day. 
On the twenty-first postirradiation day she developed mild 
nausea and fever. Her mother, who was in constant at- 
tendance, had at this time a moderate gastroenteritis. 
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Patient and mother promptly recovered without therapy. 
The patient continued to be normal and was discharged 
from the hospital on January 22, 1959, the thirty-seventh 
postirradiation day. 

She was then well until 12 weeks after irradiation 
when she developed bone pain. A marrow aspiration dis- 
closed recurrent leukemia. Prednisone® was administered 
with a subsequent partial remission, 18 weeks after ir- 
radiation at the time of writing. 


DISCUSSION 


The twins described in this report were assumed 
to be identical on the basis of appearance and iden- 
tity of blood types. Their histocompatabilities 
were not verified by skin transplantation. Trans- 
plantation of skin from the sick twin to the well 
twin was not advisable because of the possibility 
of transplanting leukemia if the twins were identi- 
cal. A skin transplant from the well twin to the 
sick twin would have been difficult to interpret be- 
cause of the variable effect of leukemia and steroid 
therapy on survival of skin transplants (10). Fi- 
nally, there was little time to be lost since both 
leukemic patients were rapidly becoming worse. 

In identical twins there is no immunologic 
marker to distinguish donor and recipient. Hence, 
a successful marrow transplant must be identified 
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by indirect proof—in this case, comparison with 
the course of events expected in the absence of a 
successful transplant. In treating leukemics with 
whole body irradiation and homologous marrow 
transplants, we have observed one patient whose 
own marrow resumed function after 325 r., but 
only after a lapse of 21 days (3). We have ir- 
radiated several patients with doses above 400 r. 
Subsequent homologous marrow transplants were 
unsuccessful, and regeneration of the patient’s 
own marrow did not occur within 30 days. A 
group of normal individuals accidentally exposed 
to large sublethal doses of radiation have shown 
returning marrow function only after five weeks 
(11). A patient given 200 r. followed after a 
week by 250 r. in preparation for a kidney trans- 
plant also required four weeks for a return of 
marrow function (12). From these observations 
one may conclude that the return of marrow func- 
tion in less than two weeks in the patients de- 
scribed here, who received 850 and 1,140 r., is 
indicative of a successful transplant of isologous 
marrow. 

In mice, isologous marrow transplants are 
achieved without difficulty (1). We have ob- 
served almost no sickness and a return of mar- 
row function in 7 to 10 days in dogs receiving au- 
tologous marrow and up to 1,500 r. of whole body 
irradiation (13). The benign clinical course of 
the patients described here indicates that isologous, 
and, by analogy, autologous transplants are as 
easy to achieve in man as in other animal species. 
A dose of two or three billion cells appears 
adequate. 

The eventual return of leukemia in both our 
patients was disappointing but not unexpected. 
Burchenal, Hemphill, Holmberg and Wiegand 
(14) observed that transplanted leukemia in mice 
could not be sterilized by 1,000 r. given at a rate 
of 86 r. per minute. Several investigators have 
failed to cure leukemia in the mouse with doses of 
radiation on the order of 900 r. followed by trans- 
plantation of isologous marrow (15, 16). Atkin- 
son, Mahoney, Schwartz and Hesch (17) have 
observed a remission of two months in a leukemic 
patient after 200 r. followed by isologous marrow. 
McGovern, Russeli, Atkins and Webster (18) 
have observed a remission of three months in a 
leukemic patient who received 600 r. followed by 
an infusion of autologous marrow that had been 
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stored during a previous remission. It appears 
then that neither sublethal nor supralethal (up to 
1,140 r.) whole body irradiation will cure leuke- 
mia, barring the possibility of an unusually sensi- 
tive leukemia, but will produce a significant remis- 
sion in patients who have relapsed despite con- 
ventional chemotherapy. The best result that we 
have had is a remission of six months after 325 r. 
without a marrow transplant (3). 

Evidently something more than radiation is 
needed to eradicate leukemia. Two possible ap- 
proaches are suggested. First, one may trans- 
plant homologous marrow after lethal irradiation 
and depend on the homologous marrow to pro- 
vide an immunologic environment unsuitable for 
survival of the leukemia (19). This approach has 
apparently eradicated leukemia in some mice (15, 
16). However, these mice subsequently have a 
high incidence of death from delayed foreign mar- 
row disease due to a reaction of the graft against 
the host. Whether delayed foreign marrow dis- 
ease will be either serious or useful in man, and 
whether it can be controlled by the clinical sup- 
portive measures available are questions currently 
being studied. 

A method of circumventing foreign marrow re- 
action has been suggested (20) using fetal hemato- 
poietic tissue of sufficient immaturity to be non- 
reactive against the host. So far grafts of fetal 
marrow have not been successful in man (21). 
Even if successful, it is possible that they may be 
tolerant of the leukemia as well as of the host and 
thus be of no benefit in eradicating leukemic cells. 

The second approach to the problem of eradi- 
cating leukemia lies in the observation that with 
chemotherapy and X-ray the cure rate of trans- 
plantable leukemia in the mouse is an inverse func- 
tion of the number of cells present—the smaller 
the number of leukemic cells, the greater the pos- 
sibility of cure (22, 23, 24). This suggests that 
the patient in remission, with a relatively small 
mass of leukemic cells, is an advantageous subject 
for radiation. It further suggests that chemother- 
apeutic agents may be more effective if adminis- 
tered during an immediate postradiation period 
when the number of leukemic cells is relatively 
small. 


SUMMARY 


Leukemia has been studied in two sets of iden- 
tical twins. One leukemic twin was irradiated 
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with 850 r. and the other with 1,140 r. from Co” 
sources. Each was then given bone marrow from 
the respective normal twin. Successful transplan- 
tation of this isologous marrow was determined 
by the return of marrow function, evident after 
less than two weeks, and by a benign clinical 
course following radiation. Leukemia recurred 
after remissions of seven weeks in one case and 12 
weeks in the other. 

From these two patients our conclusions are as 
follows: 1) Transplants of isologous marrow are 
readily achieved in man. 2) One thousand r. of 
whole body radiation does not produce trouble- 
some acute radiation sickness in man when given 
at a rate of 20 to 40 r. per hour. 3) Whole body 
irradiation at the 1,000 r. level produces a remis- 
sion but not a cure of leukemia when followed by 
isologous marrow. 
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Several hypotheses have been advanced to ex- 
plain the hyperlipemia characteristic of the ne- 
phrotic syndrome. The work of Rosenman, Fried- 
man and Byers (1) indicated that the liver fails to 
remove lipids from the circulation at a normal 
rate. It was suggested that a loss of lipoprotein 
lipase into the urine, together with a deficiency of 
albumin which is necessary for transport of unes- 
terified fatty acids, leads to impaired lipid clearing, 
and accumulation of lipid in the serum (2). Hey- 
mann and colleagues (3), however, measured the 
rate of disappearance of labeled sodium laurate 
from the circulation and observed no difference 
between normal and nephrotic animals. Marsh 
and Drabkin (4) presented evidence that in se- 
vere experimental nephrotic syndrome there is a 
redistribution of lipid within the body and an as- 
sociated mobilization lipemia, while in milder de- 
grees of disease hyperlipemia is the result of in- 
creased hepatic lipogenesis (5). 

We have attempted to determine the source of 
the excess lipid in the serum by labeling body fats 
with C” before the injection of nephrotoxic serum 
and following the changes in the radioactivity of 
body fat compartments during the development of 
hyperlipemia. In addition, the rates of removal 
from serum of chylomicron lipid and of albumin- 
bound fatty acid were measured in established 
nephrosis. 

METHODS 


Production of nephrosis. Nephrosis was induced in rats 
by injection of rabbit antirat kidney serum prepared by 
the method of Heymann and Lund (6). The same lot of 
serum was used for all animals in each experiment. The 
dose was 0.4 ml. per Gm. of kidney (6), and was given in 
two equal injections 20 hours apart (animals sacrificed 
before 20 hours received only one injection of serum). 

Isolation and measurement of total fatty acids and 
cholesterol. Liver and carcass were digested by refluxing 
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with ethanolic KOH (1 ml. 60 per cent KOH+2 ml. 
ethanol per Gm. of tissue). To obtain the cholesterol, an 
aliquot of the digest was extracted three times with ether 
(1 volume). The pooled extracts were evaporated to 
dryness, the residue dissolved in acetone and cholesterol 
precipitated from solution with a fivefold excess of 0.5 
per cent digitonin in 50 per cent ethanol. The precipitate 
was dissolved in glacial acetic acid and aliquots were 
taken for counting and for chemical determination (7). 
A standard curve was prepared with cholesterol digitonide. 

The aqueous phase remaining after extraction of cho- 
lesterol was acidified and fatty acids were extracted with 
petroleum ether. The extracts were evaporated to dry- 
ness and made up to a known volume in ethanol. Fatty 
acids were determined gravimetrically in an aliquot of 
the ethanolic solution. 

Serum. Two ml. aliquots were saponified with etha- 
nolic KOH. Cholesterol was extracted with petroleum 
ether and purified by precipitation of the digitonide. 
The precipitate was dissolved in glacial acetic acid and 
aliquots were taken for chemical determination and 
counting as previously described. 

The aqueous phase was acidified and fatty acids were 
extracted with ether. The ether was evaporated to dry- 
ness and the residue was dissolved in ethanol; fatty acids 
were determined on an aliquot of the ethanolic solution 
by oxidation with dichromate (8). Results were ex- 
pressed in terms of palmitic acid. There was good agree- 
ment between the results of the chemical determination 
and direct weighing of fatty acids. 

Serum unesterified fatty acids (UFA) were measured 
by the method of Gordon (9). 

C™ chyle. This was prepared by the method of French 
and Morris (10), using tripalmitin-1-C%. Animals re- 
ceived intravenously 1 ml. of chyle containing 36 mg. of 
lipid and 5 X 10° cpm. 

Radioassay. Aliquots of the fatty acid and cholesterol 
fractions were plated onto aluminum discs with lens paper 
and counted in a windowless proportional flow gas 
counter. All samples were corrected for self-absorption 
from a curve constructed with C-labeled fatty acids 
which were isolated from the liver of a rat previously in- 
jected with sodium acetate-1-C™. 

Electrophoresis. Paper electrophoresis carried 
out on Whatman paper No. 3 in veronal buffer of pH 8.6 
and ionic strength 0.075, at room temperature. The dried 
strips were stained with bromphenol blue, scanned in an 
automatic integrating densitometer, then cut into 2 mm. 


was 
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segments which were placed in the flow counter for 
measurement of radioactivity. Starch block electropho- 
resis was performed by the method of Sehon, Harter and 
Rose (11). After separation of proteins the block was 
cut into segments of 0.5 cm. width, and the proteins 
eluted. The eluate was analyzed for protein (12) and 
for radioactivity. 

Animals were adult male Sprague-Dawley rats weigh- 
ing 225 to 250 Gm. at the onset of the experiments. When 
fed by gavage the diet used was 57 per cent carbohydrate, 
24 per cent protein and 15 per cent fat; this was given in 
two daily feedings of 12 ml. each at 9 a.m. and 5 p.m. 
There was free access to water at all times. The ani- 
mals were housed five to a cage, in a room maintained at a 
constant temperature of 78+ 1° F. and relative humidity 
of 40 to 50 per cent. 


RESULTS 
A. Incorporation of acetate-1-C** into lipids 


In a preliminary experiment rats were injected 
intraperitoneally with carrier-free sodium acetate- 
1-C'* (6.6 X 10° cpm dissolved in 5 ml. water) 
and sacrificed at intervals thereafter. It was found 
that incorporation of radioactivity into fatty acids 
and cholesterol of serum, liver and carcass was 
maximal between two and seven hours after the 
injection. In subsequent experiments zero time 
was therefore taken as four hours after administra- 
tion of labeled acetate. 
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B. Relation of lipid specific activities in liver, se- 
rum and depots during development of hyper- 
lipemia 


Animals were adapted to tube-feeding over a 
period of 14 days. Two hours after a regular 
feeding, they were injected intraperitoneally with 
1 ml. of carrier-free sodium acetate-1-C** in wa- 
ter (approximately 35 x 10° cpm). Four hours 
later (zero time), a group of five animals was sac- 
rificed. The remainder was randomly divided 


‘into two groups, one of which was given anti- 


kidney serum to induce nephrosis, the other, 
saline. Feeding was continued on the previously 
established schedule. Subgroups of five or six 
animals from each group were sacrificed at inter- 
vals up to 72 hours after zero time. The sera, 
livers and carcasses, respectively, of each subgroup 
were combined and fatty acids and cholesterol ex- 
tracted from each pool. The final subgroups of 
animals were sacrificed at 96 hours; in this case 
the extractions were carried out on individual 
nephrotic livers and sera, but on pooled carcasses. 

Following injection of antikidney serum, fatty 
acids and cholesterol increased markedly in serum 
(the differences between the regressions of lipid 
on time were significant at the 1 per cent level 
for both fatty acids and cholesterol), and moder- 


(2ere) 


Pao =-g —_— o—_¢ 
(wes10om.) 








D 


coe a 
weng......9° w.. i 
ne 


TOTAL 
CHOLESTEROL 








@——@ CONTROL 





ae 
as i 


(m6. /100m.) 











@---@ NEPHROTIC 


Fic. 1. 


Each point represents mean value of 5 to 6 animals. 
ues are for concentration. 





v 


T 
24 46 


TIME 
(HouRS) 


CHANGES IN Fatty Acips AND CHOLESTEROL FOLLOWING INJECTION OF ANTIKIDNEY SERUM 


Carcass and liver values are for total lipid content; serum val- 
(Solid line, control animals; broken line, nephrotic animals.) 





HYPERLEMIA IN EXPERIMENTAL NEPHROSIS 


SPECIFIC 


ACTIVITY 
(CTS./ min. mG.) 














Fic. 2. CHANGES IN SpeciFic Activity oF Lipips Dur- 
ING DEVELOPMENT OF NEPHROTIC HyPERLIPEMIA 


Animals were given acetate-1-C“ to permit labeling of 
endogenous lipids, and four hours later (Time 0 in 
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—— serum; :--—-* carcass). 


ately in liver (p< .01 for fatty acids and < .02 
for cholesterol) ; carcass lipids did not differ sig- 
nificantly from those of control animals (Figure 
1). The time courses of specific activities (Figure 
2) differed in normal and nephrotic animals. 
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(a) Fatty acids. In normal rats, serum specific 
activity fell rapidly to the level of carcass specific 
activity; in plotting log specific activity against 
time, the line of best fit was found to be curvilinear, 
represented by the equation Y = 2.9398 — 
0.0169X + 0.0000807X?, with significant deviation 
from linearity (p < .05). The liver specific ac- 
tivity fell rapidly during the first 15 hours, then 
more slowly in an exponential manner with a 
rate constant (K)* of —.0046. In nephrotic rats 
after 15 hours the liver specific activity fell more 
rapidly than normal (K = —.0086) in a curve 
almost parallel to that of serum (K = —.0110). 
The serum specific activity in all nephrotic ani- 
mals at 96 hours was lower than that of the pooled 
carcass fatty acids. The carcass specific activity 
in both groups showed an initial fall, then a 
plateau. 

(b) Cholesterol. In 
phrotics, following an initial rapid decline, the 
specific activities of serum and liver fell in a paral- 
lel manner, but more rapidly in the latter group; 
the rate constants for serum and liver, respec- 
tively, were —.0024 and —.0020 in the normals 
and —.0064 and —.0053 in nephrotics, Changes 


in carcass specific activity were not marked in 


both normals and ne- 


1K = change in log specific activity per hour. 
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either case, and the rate constants did not differ 
significantly from zero. 

In nephrotic rats sacrificed at 96 hours there 
appeared to be an inverse relationship between 
concentration and specific activity of serum fatty 


acids. To overcome the influence on specific ac- 


tivity of variations in initial incorporation of C™* 
into lipids, the ratio: specific activity serum fatty 


acids/specific activity liver fatty acids was plotted 
against serum lipid concentration and an inverse 
relationship was again indicated (Figure 3). 


C. Rate of disappearance of unesterified fatty acid 


from serum 


An albumin-sodium palmitate-1-C'* complex 
was obtained by incubation of the labeled acid (1 
me. per mMole) with normal rat serum at room 
Four normal and 
four nephrotic rats were given only 50 per cent 


temperature for 30 minutes. 


glucose in water to drink overnight, and 3 ml. 
of 50 per cent glucose by stomach tube the next 
morning. One hour later they were given intra- 
venously 1 ml. of the labeled serum containing 
1 pe. of C'*. Aliquots of blood (0.05 ml.) were 
obtained from the tail tip at accurately timed 
intervals thereafter and plated directly for meas- 
urement of radioactivity. UFA concentrations 
were measured in other groups of eight normal 
and eight nephrotic animals similarly prepared 
with 50 per cent glucose. 

In both normal and nephrotic rats the concen- 
tration of radioactivity fell rapidly in the first five 
minutes, reached a minimum value at 10 to 15 


minutes and then began to rise (Figure 4). 
There was no gross difference in the initial rates of 
fall between the two groups. However, the level 
of activity reached in the secondary rise was con- 
siderably higher in the nephrotic than in the con- 
trol animals. 

Serum unesterified fatty acid concentrations 
(mean + S.D.) were 0.11 + 0.02 mEq. per L. 
for normal rats and 0.15 + 0.07 mEq. per L. for 
nephrotics. The difference was not significant at 
the 5 per cent level. 

In order to determine the nature of the radio- 
active material re-entering the circulation, normal 
and nephrotic animals were exsanguinated one 
hour after an injection of albumin-sodium 
palmitate-1-C'*. A negligible amount of radio- 
activity The 
plasma activity was nondialyzable and entirely 
soluble in Bloor’s reagent. It could not be ex- 
tracted from carbon tetrachloride-ether (18:1) 
by 1 N KOH (preliminary experiments estab- 
lished that 95 per cent of unesterified fatty acids 
and less than 1 per cent of esterified fatty acids 
were extractable by 1 N KOH). On paper elec- 
trophoresis it was distributed in the regions of a 
and 8 globulins (Figure 5), while on starch elec- 
trophoresis it moved ahead of the albumin. 


was associated with erythrocytes. 


D. Rate of removal of labeled chylomicrons from 
serum 


Normal and nephrotic rats were prepared with 
50 per cent glucose feedings as above, and then 
injected with 1 ml. of labeled chyle containing 46 
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Fic. 5. ELrectropHoretTic DIsTRIBUTION OF RADIO- 
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Top: palmitic acid-1-C* bound to serum albumin, as 
injected into normal and nephrotic rats. Middle: plasma 
from nephrotic rat 60 minutes after receiving albumin- 
palmitate-1-C’ complex. Bottom: chyle containing 
palmitic acid-1-C* as injected into normal and nephrotic 
rats. In all cases the solid line represents protein con- 
centration, the dotted line, radioactivity. 


mg. lipid. Blood samples of 0.05 ml. each were 
taken at 5 to 10 minute intervals and plated di- 
rectly for radioactivity measurement. In normal 
rats the time curve of C** concentration had at 
least two components (Figure 6), similar to that 
found by French and Morris (10). The mean 
half-life (by inspection) during the interval 15 
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to 40 minutes was eight minutes, compared to a 
value of 11.5 minutes found by these workers af- 
ter injection of somewhat more lipid into smaller 
animals. In the present experiment, sampling was 
not continued long enough to get a measure of 
the half-life for the later part of the curve. In ne- 
phrotic rats the time curve was quite different, 
since there appeared to be only one component 
with a half-life varying from 28 to 160 minutes. 
The chylomicron count on blood from both normal 
and nephrotic animals prepared with 50 per cent 
glucose feedings as described was lower than five. 


DISCUSSION 


The first experiment described above differs in 
two respects from similar work previously re- 
ported: body lipids were labeled prior to devel- 
opment of nephrosis, and dilution of labeled fats 
by exogenous lipids was controlled by tube feed- 
ing. Total fatty acids are heterogenous, being 
derived from neutral fat, phospholipid and cho- 
lesterol esters; cholesterol may be free or esteri- 
fied. The results, as in earlier work, therefore 
reflect the averages of the changes within these 
subclasses. In addition, the specific activities de- 
termined experimentally were means for each of 
the three anatomical pools, since each such pool 
may consist of more than one “functional” pool, 
each with its own initial specific activity and turn- 
over rate. Within the framework of these facts 
certain qualitative conclusions may be drawn 
from the relationships among the curves of 
specific activity. 
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With regard to fatty acids, the rapid fall in 
liver specific activity during the first 15 hours sug- 
gests that this organ contained at least two sepa- 
rate pools, one having a very high turnover rate, 
the other(s) a lower rate (Figure 2). A similar 
situation may also have obtained in the carcass 
but the data are not as definite. It can reasonably 
be assumed that an insignificant amount of lipid 
synthesis or degradation occurred in the serum, 
and that the decrease in serum specific activity 
was entirely due to replacement by lipid from 
lower specific activity sources. The shape of the 
specific activity curve in serum may be explained 
by several hypotheses, one of which is that serum 
lipid was derived in part from the rapidly metabo- 
lizing pool in the liver and in part from a carcass 
pool whose specific activity was close to that of 
the whole carcass and whose turnover rate was 
low. 

In the nephrotics there occurred: (1) increases 
in the lipid content of serum and liver, (2) an in- 
crease in the rate of fall of liver specific activity, 
(3) a fall in serum specific activity below that of 
the whole carcass. These changes may have been 
due to (a) retention of lipid in the serum, (b) in- 
creased mobilization of lipid to the plasma, and 
subsequent movement of part of this “excess” lipid 
to the liver, (c) increased synthesis and discharge 
of lipid by the liver, or (d) a combination of these. 

Retention of lipid in the serum would not of 
course account for the increase in lipid content 
of the liver ; if hyperlipemia were due to retention 
alone, there must also have occurred an increase in 
synthesis or a decrease in degradation of lipid in 
the liver. 

Increased mobilization from the carcass pool 
with which serum normally appeared to equili- 
brate, in the absence of any other change, would 
have caused a more rapid fall than normal in se- 
rum specific activity to the equilibrium level. In 
addition, mobilization of lipid from the carcass to 
liver, via the serum, in an amount sufficient to 
produce the observed increase in liver content 
(even if entirely derived from a constituent pool 
of zero specific activity) would have altered the 
rate constant for liver specific activity by a maxi- 
mum of 20 to 25 per cent rather than by the ob- 
served value of approximately 90 per cent. How- 
ever, mobilization together with an increase in the 
rate of interchange between serum and a hepatic 
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pool of higher specific activity could have pro- 
duced all changes noted. 

Alternatively all observed changes could have 
been produced by increased hepatic synthesis and 
discharge of lipid alone or with either of the other 
two mechanisms. The fall in the plasma specific 
activity below that of the whole carcass indicates 
that the average specific activity of the pools with 
which the plasma equilibrated was lower in ne- 
phrotic than in normal animals. (The experi- 
mental finding was confirmed in a second group of 
animals in which the last feeding was omitted in 
order to obviate the possibility of isotope dilution 
by dietary lipids.) One explanation for such a 
phenomenon is that one or more of these pools 
underwent an increase in size, turnover rate (by 
pathways other than exchange with serum) or 
both. In the case of the liver this could explain 
the increases in lipid content and in the rate of fall 
of specific activity of the whole organ, as well as 
the inverse relationship between serum lipid con- 
serum specific activity 
liver specific activity ° 

As anticipated from the fact that the liver is the 
major site of cholesterol synthesis and that there 
is normally a constant interchange of cholesterol 
between liver and serum, there was in normal rats 
a close similarity between specific activities of cho- 
lesterol in these two pools. In principle, the con- 
siderations applied to the hypotheses of retention 
and hepatic synthesis of fatty acids are equally 
pertinent in the case of cholesterol. However, one 
need not here postulate an increase in the rate of 
interchange between serum and liver as an accom- 
paniment of mobilization, since the normal rate of 
interchange was apparently sufficiently high to 
maintain a close relationship between the specific 
activities in these pools. 

The observed changes then may be adequately 
explained on the basis of increased hepatic syn- 
thesis and release of lipid, increased hepatic syn- 
thesis together with retention of lipid in the serum, 
or mobilization from carcass to serum and liver, 
with an increased (fatty acids) rate of exchange 
between these two pools. It is apparent that the 
hypotheses of mobilization and of decreased move- 
ment of serum lipid to the liver (1) are mutually 
exclusive. Since later experiments did indicate 
the occurrence of “retention,”’ we believe that mo- 
bilization did not play a role in producing hyper- 
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lipemia. This view is compatible with the findings 
of Marsh and Drabkin (5) and of Heymann and 
Hackel (13), indicating that the development of 
hyperlipemia resulted largely from increased lipid 
synthesis and release by the liver. They did not 
exclude the possibility that decreased removal of 
lipids from serum by liver was also an etiological 
factor in the hyperlipemia (1). In order to test 
this concept, the rate of disappearance of radio- 
activity from the circulation was measured after 
administration of labeled UFA-albumin complex 
and of labeled chylomicrons. In the former case, 
because of its initial extreme rapidity, the rate of 
removal of radioactivity could not be measured 
accurately ; there was, however, no gross differ- 
ence between the normal and nephrotic animals in 
this regard. That this was not an artifact due to 
differences in isotope dilution is indicated by the 
similarity in UFA concentrations. 

There was a distinct decrease, however, in the 
rate of removal of chylomicron lipid from the se- 
rum of nephrotic rats. Isotope dilution was not 


a factor in this result since the dietary preparation 
of the animals reduced endogenous chylomicron 


levels to a minimum value. The results of the 
chyle experiment are compatible with those of 
early work in human nephrotic subjects (14, 15) 
and with those of Friedman, Rosenman and Byers 
on the metabolism of ingested cholesterol (16). 
They are in contrast to those of Heymann and 
associates (3), who injected intravenously labeled 
trilaurin together with synthetic emulsifiers and 
observed no difference between normal and ne- 
phrotic rats in the rate at which radioactivity left 
the blood stream. However, this was not a physio- 
logical form of serum lipid and its behavior may 
not reflect that of endogenously synthesized lipo- 
proteins. Furthermore, the fate of intravenously 
administered emulsions is dependent on the par- 
ticular emulsifying agent used (17). This does 
not argue against the recent observation (18) that 
urine contains an agent which reduces hyper- 
lipemia ; this agent may be lipoprotein lipase itself 
or a cofactor (1, 19). 

It has been shown that triglycerides, including 
those of chylomicrons, may be converted to UFA 
by the action of lipoprotein lipase (20-23), which 
is released into the plasma following ingestion of 
lipid (24). It has been suggested (25) that a 
major factor in producing hyperlipemia in nephro- 
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sis is an inhibition of lipoprotein lipase activity 
secondary to the decrease in the amount of serum 
albumin available to act as an acceptor of UFA 
released by the enzyme. The present results are 
compatible with this view. However, since most 
chylomicron lipid is removed without prior con- 
version to UFA (26), it is likely that the defect 
is one of tissue rather than plasma lipoprotein 
lipase. These possibilities are presently being 
investigated. 

An interesting incidental finding after adminis- 
tration of UFA-albumin complex was the reap- 
pearance of radioactivity in increased amount in 
the circulation of nephrotic rats. Positive iden- 
tification has not been made of the form of this 
radioactivity, but in agreement with recent work 
in man (27), the evidence available suggests that 
it is associated with esterified fatty acids. This is 
further presumptive evidence of increased hepatic 
synthesis and turnover of lipid in nephrosis. 

The present experiments indicate that there are 
at least two defects in lipid metabolism to account 
for the development of hyperlipemia in experi- 
mental nephrosis: (a) increased entry of lipid 
into the serum, and (b) decreased ability to re- 
move chylomicron lipid from the circulation. 


SUMMARY AND CONCLUSIONS 


1. Normal rats were given injections of acetate- 
1-C'* to permit endogenous labeling of fatty acids 
and cholesterol. Some of the animals were then 
injected with anti-kidney serum to produce ne- 
phrosis, and the distribution of radioactivity among 
body lipid compartments measured at intervals 
during the development of hyperlipemia. The 
changes in content and specific activity can best be 
explained on the basis of increased hepatic syn- 
thesis and discharge of lipid together with reten- 
tion of lipid in the serum. 

2. After intravenous injection of palmitic acid- 
1-C'* bound to albumin, nephrotic rats disposed 
of the radioactivity from the serum at a rate 
similar to normal. The radioactivity later reap- 
peared in the circulation, probably as esterified 
fatty acid, to a greater degree in nephrotic than 
in normal animals. 

3. After intravenous injection of chyle contain- 
ing tripalmitin-1-C'* radioactivity disappeared 
from the circulation of nephrotic rats at a much 
lower rate than normal. 
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Studies of osmotic diuresis in the hydropenic 
state have demonstrated a decrease in urine 
solute concentration as urine flow increases (1, 2) 
but the physiologic mechanism of this decrease 
is not fully understood. Although concentrating 
ability appears to be limited by a maximal os- 
motic urine/plasma (U/P) ratio, small increases 
in solute excretion have been shown to lead to a 
decrease in osmotic U/P ratio even when urine 
flow remains less than 2 ml. per minute (3). At 
high flows, when there is a marked decrease in 
osmotic U/P ratio, there is evidence that the 
concentrating mechanism may be limited by a 
constant maximal rate of net water reabsorption 
(T°mu.o) (4). In the present study the response 


to osmotic diuresis has been examined over a 
wide range of urine flow in multiple experiments 


in the same subject. As urine flow increased up 
to 20 ml. per minute per 1.73 M.? there was a 
consistent curvilinear decrease in U/P ratio and 
a curvilinear increase in net water reabsorption 
(T°u,0). These curves could be described by 
simple reciprocal equations from which maxima] 
values for U/P ratio and for T°x,0 could be 
predicted. 

It has been suggested that the response of the 
concentrating mechanism to urea diuresis differs 
from that obtained with other osmotic diuretics 
(5-8). By the present method of analysis the 
response to urea and mannitol loading did not 
differ at intermediate rates of urine flow. At 
very high flows, on the other hand, the curvi- 
linear relationship between urine flow and con- 
centrating response was disrupted so that T°x,0 
decreased with isotonic mannitol loading and 
increased with urea loading, while hypertonic 
mannitol loading gave intermediate values. 


* Presented in part before the Annual Meeting of the 
American Federation for Clinical Research, Atlantic City, 
N. J., May 4, 1958. 

¢ Veterans Administration Clinical Investigator. 

t Life Insurance Medical Research Fund Fellow 1958- 
1959. 


METHODS 


The subjects were healthy young men who had demon- 
strated an ability to empty their bladder consistently at 
low rates of urine flow. The subjects were deprived of 
water for 18 to 20 hours prior to each experiment and given 
a dry supper and no breakfast. Solute loading was begun 
in the morning after two or three preliminary urine collec- 
tion periods, and was generally maintained at a constant 
rate for two or more hours in order to obtain data during 
a steady state. Subsequent analysis indicated that data 
obtained with steady, increasing and decreasing rates of 
urine flow were sufficiently similar to be pooled. Aberrant 
values were obtained in the initial period after loading 
when urine flow increased more than twofold and these 
periods were discarded. The solutions of urea or mannitol 
used for intravenous loading also contained sodium chloride 
in concentrations of 0.1 to 0.7 per cent to minimize sodium 
losses. Hence all infusions were actually hypertonic to 
plasma. Sufficient vasopressin was added to provide 200 
milliunits per hour, except at the highest rates of urine 
flow (more than 20 ml. per minute) when the dose of vaso- 
pressin was increased to 600 miiliunits per hour. The 
following types of experiments were performed: 

1. Isotonic mannitol loading. Five per cent mannitol 
was infused at rates of 3 to 20 ml. per minute with a 
constant infusion pump or at rates of 40 to 80 ml. per 
minute by gravity using a large bore needle. 

2. Hypertonic mannitol loading. Fifteen per cent man- 
nitol was infused at 10 or 20 ml. per minute by a constant 
infusion pump. Initial loading with hypertonic mannitol 
led to severe postural headache and therefore this infusion 
was given only after a diuresis had first been established 
by infusing isotonic mannitol at 20 ml. per minute for 
two hours. 

3. Urea loading. Thirty per cent urea was infused at 
1 to 2 ml. per minute. A few attempts at more rapid 
administration led to severe postural headache and nausea. 

4. Urea plus mannitol loading. In order to compare the 
effects of urea and mannitol at high urine flow, 6 per cent 
urea in 5 per cent mannitol was infused at 20 ml. per 
minute. 

Chemical methods have been described previously (3). 
All data were corrected to 1.73 M.* of body surface area. 
Concentrating ability is evaluated both in terms of the 
osmotic U/P ratio and in terms of net water reabsorption, 
T*y,0, calculated as follows: 

Tajo = Yen .. y: 1) 


I osm 


UosmV/Posm represents the volume of fluid that would 
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TABLE I 


Relationship between urine flow (V), osmotic urine/plasma ratio (U/P) and net water reabsorption 


(T*u20) during osmotic diuresis* 











Range of values 





Subject, age, 


urface area U/P T*H20 


Predicted Actual Predicted Actual 
Temaxno T*maxn;o U/Pmax U/P max 





ml./min./1.73 M2 
Pooled datat 


M.G., 25, 1.90 M.? 
P. M., 25, 1.98 M.? 
A. M., 23, 1.59 M.? 


Individual expts.t 


.F., 34, 2.04 M2 
V.A., 28, 1.55 M2? 
R. F., 25, 2.06 M2 
J. P., 26, 1.90 M2 


ml./min./1.73 M2 


9.43 
7.94 
7.25 


985 
980 
.978 


-106 
126 
.138 


391 
-282 
-250 


7.30 
4.90 
8.77 
8.07 


137 
.204 
114 
124 


554 
.290 
505 
409 


980 
987 
974 
990 


4.49 
2.98 
3.45 





* The regression constants (a and b) and the correlation coefficient (r) are given for Equation 2. Predicted 
T*maxn,0 and U/P max are calculated from Equations 2 and 3 and compared with actual maximum values obtained 
in the same subjects at urine flows greater than 20 and less than 0.5 ml. per minute per 1.73 M.?%, respectively. 

t Data from five or more loading experiments including isotonic mannitol, hypertonic mannitol, urea, and urea 


plus mannitol. 


t Isotonic mannitol loading in J. F. and W. A., hypertonic mannitol loading in R. F. and J. P. 


contain the urinary solutes in a solution isosmotic with the 
plasma, the osmolal clearance (Cosm). If net water reab- 
sorption is the final operation in urine formation, then 
Com can be considered to represent the load of isotonic 
fluid delivered from the distal tubule to the concentrating 
site and T*q,0 the reabsorptive activity at that site. Since 
there is recent evidence that solute transport occurs even 
in the terminal portions of the collecting system (9), it 
may not be exact to equate Com with load but T*x,0 is 
still a measure of met water economy. The statistical 
methods used are described by Snedecor (10). 


RESULTS 

As urine flow increased from 2 to 20 ml. per 
minute per 1.73 M.? during osmotic diuresis, 
there was a curvilinear decrease in osmotic U/P 
ratio, and an increase in T*y,o (Figure 1). Pooled 
data for multiple experiments in the same sub- 
ject showed relatively little scatter, so that it 
appeared feasible to fit these curves to a single 
regression equation. The most linear represen- 
tation of the data was consistently obtained when 


: 1 ; . 
the reciprocal Up —1 "5 plotted against V 


(Figure 1). The regression equation for this 


relationship: 


-=aV+b 2) 


was calculated by the method of least squares.' 
From this equation it can be predicted that as V 
approaches zero, osmotic U/P ratio should ap- 
proach a limiting maximum value (U/P max) 


! This equation was derived empirically. For theoreti- 
cal basis, see discussion. 


which will depend on the yalue of the constant b 


+ 1). Dividing Equation 2 


(uP max = 


by V and substituting Equation J we obtain: 


1 b 
Tn =a + V ° 3) 
This equation predicts that as V increases, T°x,0 
will approach a maximum value (T*maxu,o) 
which will depend on the value of the constant a 


( Temaxu,0 = x). These equations provide a 


description of the relationship between flow and 
concentrating ability over a wide range of urine 
flow. Using Equation 2 various groups of data 
could be compared in terms of their regression 
constants, or from U/P max and T°maxg,o since 
the latter are directly derived from these con- 
stants. Table I gives these values for the sub- 
jects of Figure 1, and for individual experiments 
over a wide range of urine flow in four additional 
subjects. The correlation coefficients are uni- 
formly high and the values of T°’maxu,o show 
good agreement with the highest values of T°x,0 
actually attained in the same subjects at urine 
flows of 20 ml. per minute or more. The maxi- 
mal U/P ratios obtained in these subjects were 
quite uniform while the predicted values showed 
greater variation. 

In a previous study (3) differences in the re- 
sponse to urea and mannitol loading were ob- 
served at very low urine flows but these differ- 
ences were associated with variations in the U/P 
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CONCENTRATING RESPONSE AT URINE FLows (V) up TO 20 ML. PER MINUTE PER 1.73 M.2 IN THREE 


Suspyects DuRING LOADING wiTtH IsOTONIC MANNITOL, UREA AND HyPERTONIC MANNITOL 


: ‘ p ; . ‘ 1 
e Isotonic mannitol; © urea; x hypertonic mannitol. Equation 2 relating UP 1 to V, calculated by the 


method of least squares, is represented in the lowest graph, and rearranged to give the relationship between U/P or 


T*ne0 and V in the upper graphs. 


ratio attained prior to loading. In the present 
study five pairs of experiments were obtained in 
which U/P ratios were similar prior to loading 
(Table II, Figure 2), although the range of urine 
flow during loading was greater with mannitol 
diuresis. Sufficient data were obtained at inter- 
mediate urine flows in each experiment to calcu- 
late the regression equation 2. By analysis of 


co-variance (10) the values of were 


1 
U/P -1 
analyzed for the effects of changing urine flow 
(regression), for random deviations from regres- 
sion and for differences in the effect of urea and 


mannitol loading (adjusted means). While dif- 


ferences in regression (represented in Table II 
by differences in T*’maxy,o) were probably sig- 
nificant on the paired experiments on Subjects 
P. M. and A. M., these were in opposite direc- 
tions in the two subjects. The experiment in 
which the highest urine flow was achieved with 
urea loading (T. T. No. 2) showed a greater con- 
centrating response to urea than to mannitol 
loading which was statistically highly significant. 
In terms of osmotic U/P ratio, the mean differ- 
ence was only 0.16. Differences as large as this 
at intermediate urine flows have been observed 
in the response to repeated isotonic mannitol 
infusions in the same subject (see A. M., Figure 
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1). The pooled data show no significant differ- 
ence between responses to urea and mannitol 


Adjusted 
mean 


loading. 

In contrast to these data, the response at 
higher rates of urine flow appeared to vary with 
the type of solute loading employed (Figures 1, 
3 and 4). When isotonic mannitol was infused 
at rates up to 80 ml. per minute, urine flow could 
be increased to values as high as 50 ml. per minute 
per 1.73 M.?. In five of six such experiments 
T*n,.0 decreased progressively as urine flow in- 
creased from 15 to 40 ml. per minute per 1.73 M.?. 
In Subjects A. M., W.A., and J. F., the values 
for T*x,0 obtained during a massive infusion of 
isotonic mannitol were distinctly lower than 
values obtained in other experiments when the 
same rate of urine flow was reached by slowly 
increasing the rate of mannitol infusion. In 
three subjects urea was added to an isotonic 
mannitol infusion (Figure 3). Two experiments 
had to be discontinued because of symptoms of 
postural headache and nausea, but in each in- 
stance concentrating ability was greater with 
urea plus mannitol loading than with massive 
isotonic mannitol infusions at comparable rates 
of urine flow. When hypertonic mannitol solu- 
tions were infused, concentrating ability was 
greater than with isotonic mannitol in two sub- 
jects and T°y,o appeared to be fairly constant 
over a wide range of urine flow. 

Data on plasma and urine composition for 
intermediate and high flow experiments are sum- 
marized in Table III. At peak flow the sum of 
urinary urea, mannitol, and sodium with its 
anion, accounted for 96 to 99 per cent of total 
solute. The urine urea concentration ranged 
from 500 mMoles per L. during urea loading at 
intermediate flows to 12 mMoles per L. during 
mannitol loading at high flows. 


Regres- 
sion 


/P max 
Mannitol 
loading 


Predicted 


I 
Urea 
loading 


‘orrelation coefficient (r) and predicted maxima, 


Mannitol 
loading 
. . ~ C 
ariance ratios are given for differences in regression and adjusted mean between urea and man- 
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Temaxn,o 
ml./min./1.73 M2 
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ained during loading are given. 
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DISCUSSION 
The present analysis of the response of the 
renal concentrating mechanism to osmotic diure- 
sis has yielded an equation relating osmotic U/P 
ratio and urine flow, Equation 2, which can be 


loading 


Mannitol 
/P ratio attained before loading, and the highest urine flow att 





periods 


Number of 





Urea 
loading 


rewritten as follows: 


1 1 1 1 


(T*n,0) m (Temaxu,o) ai (U/P max — 1)V 


4) 


* The highest U 
ft Significant (p < 0.05). 
t Highly significant (p < 0.001). 


Temaxnyo and U/P 


Subjects 








This equation closely resembles the Line- 
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V mi. / min. 71.73 m2 


Fic. 2. 


CONCENTRATING RESPONSE TO UREA AND MANNITOL LoAps 


AT INTERMEDIATE FLows 
Symbols as in Figure 1. 


weaver-Burk modification (11) of the classical 
Michaelis-Menten equation for the description 
of enzyme kinetics. Thus T°x,0 would represent 
a reaction velocity and V would represent sub- 
strate concentration, with T°’maxy,o and U/P 
max representing velocity and concentration 
maxima, respectively.2, This analogy need not 
imply that urine is concentrated by enzymatic 


active reabsorption of water. There is evidence 


2—In the original analysis of this relationship (12, 13) 
Cosm was taken as a measure of ‘‘substrate’’ and the 
“Michaelis-Menten equation” was written: 

| b’ 
Cis 
in which T*y,0 and Cosm are as described above and a’ and 
b’ are constants. For statistical analysis the derived terms 
were transformed into directly measured terms yielding 
the expression : 


5) 


T*x.0 a’ 


aes a’b’ 
ey eet 
Foctacch 


V 6) 


The correlation between V and was not improved 


1 
U/P —1 
1 
U/ 
expression of Equation 2 was selected for further use. 


by including the third term p’ 8° that the simpler 


to suggest that the urine is concentrated by the 
passive reabsorption of water through the collect- 
ing ducts into a hypertonic peritubular space 
(5, 14-16). The manner in which this hy- 
pertonicity is achieved is not certain but it pre- 
sumably requires active sodium transport (17). 
It is therefore possible that the resemblance 
of the equation describing the concentrating 
mechanism to a Michaelis-Menten equation is a 
reflection of the limitations imposed on the con- 
centrating mechanism by an enzyme system 
involved in sodium transport. On 
hand, the equations relating water reabsorption 
and urine flow are also analogous to the Langmuir 


the other 


adsorption isotherm (18, 19). This equation de- 
scribes the adsorption of gases but may have 
application to osmotic transport of solvents in 
which the initial step may be represented as an 
adsorption of the solvent on a semipermeable 
membrane (20). Passive osmotic transfer could 
thus be limited by the osmotic gradient at low 
flows and by the tubular adsorbing surface area 
at high flows. The equations relating concen- 
trating response to urine flow are merely descrip- 
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Fic. 3. CONCENTRATING RESPONSE AT H1GH URINE FLows 
Symbols as in Figure 1. Curves continued from those of Figure 1. 


tive and might be the result of still other mecha- osmotically balanced by urea which has passively 
nisms than the two described above. diffused into the medullary interstitial fluid. 

Berliner, Levinsky, Davidson and Eden (5) This circumstance should result in enhanced con- 
have postulated that the collecting duct is perme- centrating ability during urea diuresis since the 
able to urea, so that the urinary urea can be sodium chloride which is presumably actively 


TABLE III 


Plasma and urine composition at peak urine flow during various types of loading in subjects M. C., P. M. and A. M.* 





Per cent of urine osmolality 





Type of loading Posm Pman Urea Mannitol Na X2 





mOsm/Kg. mMoles/L. mMoles/L. 


Intermediate flow 
Urea 312 . 0 . 69 0 28 
23 15 56 26 


Mannitol 287 


High flow 
Urea plus mannitol 329 31 36 35 28 
Isotonic mannitol 299 : 70 96 4 66 26 
Hypertonic mannitol 311 57 117 3 66 28 








* Mean values are given for plasma osmolality (Posm), urea (Purea), Mannitol (Pman) and sodium (Pya), and for the 
per cent of urine osmolality contributed by urea, mannitol and sodium with its anion (Na X 2). 
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concentrated in the medullary interstitial space 
would be free to balance other solutes than urea. 
In the present experiments, it was not possible 
to differentiate the responses to urea and to 
isotonic mannitol loading at intermediate flows 
despite marked differences in urinary urea con- 
centration. The finding that chronic (21) and 
acute (22) urea administration can enhance con- 
centrating ability in protein depleted subjects 
could be explained by an increase in the amount 
of urea which enters the medullary interstitial 
space through Henle’s loop, either passively or 
actively (8). In the present study when urine 
flow was increased by adding urea to an infusion 
of isotonic mannitol maintained at 20 ml. per 
minute, there was an increase in T*°y29. On the 
other hand, when much higher rates of urine flow 
were attained by increasing the rate of isotonic 
mannitol infusion, T°q,0 decreased. These find- 
ings could indicate that an effect of urea could 
only be detected at high flows when urea concen- 
tration was markedly decreased with mannitol 
loading alone. In addition, the difference be- 
tween isotonic mannitol and urea loading at high 
flows appeared to be at least in part ascribable 
to differences in the osmolality or the volume of 
the fluid administered, since hypertonic mannitol 
infusion did not cause the decrease in T*x,0 
which occurred with isotonic mannitol loading. 
The data of Zak, Brun and Smith (4) also show 
that T°u,o decreased progressively with increas- 
ing flow in five of their seven experiments with 
isotonic mannitol loading. A progressive de- 
crease in T°y,0 at very high flows need not represent 
a decrease in actual rate of water reabsorption 
at the concentrating site. Micropuncture studies 
in the rat show that during antidiuresis the fluid 
entering the distal tubule is hypotonic to the 
plasma and only gradually becomes isotonic as it 
passes through the distal tubule (23). At very 
high flows, this osmotic equilibration might be 
incomplete so that hypotonic fluid is delivered to 
the concentrating site. The difference between 
the responses to isotonic and hypertonic mannitol 
loading in the present experiments suggests that 
acute expansion of extracellular fluid volume 
might decrease concentrating activity ; however, 
large infusions of isotonic sodium chloride have 
not impaired concentrating ability acutely at 
lower urine flows (24). 
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Fic. 4. CONCENTRATING RESPONSE TO IsoTONIC MAN- 
NITOL LoapING AT HiGH URINE FLows ON THREE ApDI- 
TIONAL SUBJECTS 


In W. A. and J. F. higher values of T°u,0 were obtained 
during slow mannitol loading (see Table 1). 


SUMMARY 

Renal concentrating ability during osmotic 
diuresis has been examined over a wide range of 
urine flow in hydropenic normal men. As urine 
flow (V) increased up to 20 ml. per minute per 
1.73 M.? there was a curvilinear increase in net 
water reabsorption (T°y,0) and a curvilinear de- 
crease in osmotic urine/plasma (U/P) ratio, which 


fit the equation = aV+5), where a 


1 
U/P—-1 
and 6 are constants related to maximum net 
water reabsorption and maximum U/P ratio, 


respectively. Data obtained with urea and man- 
nitol loading at intermediate flows fit this equa- 
tion and showed no difference between the 
responses to the two solutes. 

When urine flow was increased up to 40 ml. 
per minute per 1.73 M.’, this relationship was 
disrupted. T°y,o usually decreased progressively 
with isotonic mannitol loading. Concentrating 
ability was greater with urea plus mannitol 
loading at these urine flows than with isotonic 
mannitol alone, while the response to hypertonic 
mannitol loading was intermediate. 
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Magnesium is one of the four principal cations 
in extracellular fluid, and in intracellular fluid is 
exceeded only by potassium; yet comparatively 
little is known about the mechanisms involved in 
the renal excretion of magnesium. That such is 
the case must be due to a variety of factors which 
include difficulties in chemical analysis, the bind- 
ing by protein of a relatively large portion of the 
ion in serum, and the formation of soluble com- 
plexes which may be handled by the kidney in a 
different manner from that of the ion. Such diffi- 
culties probably account for the relatively few 
studies to date of magnesium excretion. 

The experiments reported here involve 70 acute 
studies in man performed by usual clearance tech- 
niques. Renal hemodynamics and excretion rates 


of magnesium and other electrolytes were ob- 
served during multiple control periods and follow- 


ing eight principal experimental procedures. 
These were intravenous infusions of sodium lac- 
tate, sodium bicarbonate, acetazolamide, probene- 
cid, sodium para-aminohippurate (PAH) to tu- 
bular saturation, magnesium salts, calcium salts 
and mercurial diuretics. 

The data provide a basis for examination of 
factors likely to affect magnesium excretion and 
in some instances of probable renal mechanisms 
involved. The major part of filtered magnesium 
is reabsorbed by the tubules. The existence of a 
quantitatively small, but perhaps important, regu- 
latory tubular secretion of magnesium is suggested 
by certain indirect evidence, but is not settled by 
present data. In addition to changes in filtered 
magnesium, consideration is given to possible ef- 


* Laboratory facilities were aided by grants from the 
National Heart Institute of the United States Public 
Health Service (Grants H-405 and H-340) and the 
C. Mahlon Kline Fund of the Department of Medicine. 

+ Portions of this work have been reported in prelimi- 
nary abstracts (1-3). 

t Established Investigator of the American Heart 
Association. 


fects on tubular magnesium transport of such fac- 
tors as acid-base balance, possible relation to 
known active transport systems, specific inter- 
ionic relationships especially with calcium or po- 
tassium, and formation of soluble magnesium 
complexes. 


METHODS 


General. Fifty-three normal men between the ages 
of 18 and 32 served as experimental subjects for one or 
more renal clearance studies by standard techniques (4) 
with bladder catheterization and standard water loading. 
Control results reported are averages from three or more 
periods of at least 15 minutes each which followed an 
equilibration period of at least 45 minutes. 

Test procedures. The test procedure in each case con- 
sisted of the intravenous administration of some elec- 
trolyte solution or pharmacological agent. The eight 
major types of experiments are described below. Addi- 
tional procedures were carried out to elucidate specific 
points and will be mentioned in appropriate sections. 1) 
Sodium lactate, 2.4 mEq. per Kg. body weight, as a hy- 
pertonic (0.9 M) solution was given rapidly (10 min- 
utes) in six studies. Whenever results of lactate ad- 
ministration are referred to without qualification in this 
report it should be understood that these are the studies 
meant. In four other studies alterations were made in 
the dosage or time of administration of lactate for com- 
parison with the main series. 2) Sodium bicarbonate 
was given to three subjects in dosage equivalent to the 
main lactate series. 3) Maximal rates of PAH transport 
by the tubules (Tmpan) were achieved by standard 
techniques and observations at Tmpan were made in four 
studies for evaluation of the effect of PAH itself. In 
five additional studies after first attaining Tmpan the 
same hypertonic lactate infusion described previously 
was given to determine if the response was altered by 
prior PAH saturation. 4) Probenecid (Benemid®) in 
total dosage of 3 Gm. was infused in seven subjects. 
Each study included three parts: control observations, 
measurements of the effect of probenecid alone, and 
then of the hypertonic lactate response after probenecid. 
5) Acetazolamide (Diamox®) was given intravenously 
in dosage of 5 mg. per Kg. body weight in 10 studies. 
6) Mercurial diuretics as 2 ml. of either meralluride 
(Mercuhydrin®) or mersalyl (Salyrgan®) were given 
in 15 studies. 7) Magnesium sulfate was infused at 
rates not exceeding 1 Gm. per hour in five studies. 8) 
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Calcium was infused over a 20 minute period as calcium 
chloride (0.7 Gm.) in five studies and as calcium glu- 
conate (2 Gm.) in two studies. 

Chemical determinations. Inulin, PAH, creatinine and 
phosphate were determined by methods previously indi- 
cated (5). Magnesium was ‘determined by a titan yel- 
low colorimetric method based on the methods of Heagy 
(6) and of Orange and Rhein (7). Following mer- 
curial diuretics, aberrant results for urinary magnesium 
were found and subsequently shown to be due to an 
interference with the titan yellow method. If the mer- 
cury was first separated by means of H,S precipitation, 
the method gave satisfactory results. The gluconate ion 
was also found to interfere with the titan yellow method. 
For this reason calcium chloride experiments were car- 
ried out in place of further calcium gluconate infusions 
and only these results are reported. Check of the mag- 
nesium by an independent phosphate precipitation method 
showed that changes in magnesium excretion, as well as 
those of the other ions, were very similar with either 
calcium salt. Calcium was determined by the Tisdall 
method as modified by Clark and Collip (8). Sodium 
and potassium were determined with a Baird internal 
standard flame photometer, chloride by the Volhard-Har- 
vey modified method (9). Ultrafiltrate was obtained from 
the serum in a few studies by means of the capsule of 
Lavietes (10). In some studies the urine pH was de- 
termined on a Beckman pH meter. In most the pH was 
estimated to the nearest 0.1 unit by use of an appropriate 
short-range test paper. The latter method, while not 
suitable where precise knowledge of pH is necessary, was 
found to check well with a more accurate anaerobic 
method, the difference seldom exceeding + 0.2 unit (11). 
Plasma pH was determined with a Beckman pH meter. 

Statistical methods and graphical presentation. The ex- 
cretion rates for each individual were expressed as a 
per cent of his control rate! and because of the large 
volume of data involved it was considered desirable to 
present only averages. For the purpose of testing sta- 
tistical significance, nonparametric methods were used. 
These methods are somewhat less powerful (i.e., less 
likely to demonstrate “significance”) than the better 
known corresponding parametric “t” test. However, 
since fewer assumptions are necessary, significance that 
is demonstrated can be considered to have a more gen- 
eral application. The methods are considered more re- 
liable for small samples and it is not necessary to make 
the assumption that the population distribution is normal 
in shape. Significance of changes from control rates was 
tested by the Wilcoxon matched-pairs signed-ranks test 
(13, 14). For testing significance where paired repli- 
cates were not available (e.g., comparing results of two 


1A preliminary survey of the data showed a distinct 
tendency with most electrolytes under the conditions stud- 
ied for the size of the change in different individuals to 
show a positive relation to the control rate as tested 
roughly by the quadrant sum test of Olmstead and 
Tukey (12). 
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different test procedures) the Mann-Whitney U test 
was used (13). Confidence limits of 94 per cent were 
accepted rather than the 95 per cent convention for 
“significance” usual for parametric tests. The reason 
for this is that p values less than 0.06 cannot be ob- 
tained by the nonparametric methods used with five or 
fewer cases and that the results of these tests have some- 
what greater generality than the parametric tests. 


RESULTS 


The mean urinary excretion of magnesium dur- 
ing control periods for all studies was 6.3 pEq. 
per minute. Variability “between cases” (stand- 
ard deviation of mean control values for indi- 
vidual studies) was + 2.6 wEq. per minute; vari- 
ability “within cases” (standard error of observa- 
tion calculated as the standard deviation of indi- 
vidual measurements about the mean value for 
each individual) was + 12.2 per cent of control.* 
The corresponding values for control plasma mag- 
nesium for the entire series were : mean, 1.83 mEq. 
per L.; S.D. + 0.27 mEq. per L.; and S.E. of ob- 
servation + 3.6 per cent of control. 


Effects of lactate administration 


The results of the “main lactate series” are pre- 
sented in Tables I and II and in Figure 1. The 
rate of magnesium excretion rose promptly to 227 
per cent of the control rate during the infusion 
(i.e., at time 8 minutes), reaching a peak of 261 
per cent about 10 minutes later. It then fell back 
quite rapidly, reaching the control level within 
one and one-half hours. The excretion of other 
ions also increased, but somewhat less rapidly ex- 
cept for calcium and sodium (which was being in- 
fused). Also, in contrast to the response of mag- 
nesium, the excretion rates of sodium, potassium, 
chloride and phosphate all remained elevated. In 
absolute terms magnesium response was small 
relative to that of other ions but in terms of per 
cent of control the changes were comparable. 
Plasma magnesium changed only slightly and if 
anything decreased somewhat, perhaps secondary 
to urinary loss or to hemodilution. In any event, 


2If a given experimental procedure were to cause 
neither any systematic change in the excretion of an 
electrolyte nor any change in variability from the con- 
trol period, then there would be a 95 per cent chance 
that any randomly chosen single measurement would fall 
within the tolerance interval +2.2 S.E. of observation 
from that individual’s mean control rate. 
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TABLE I 


Effects of hypertonic sodium lactate,* individual experiments 








Urinary electrolyte excretion 
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*2.4 mEq. per Kg. of body weight given intravenously in 10 minutes. Four additional studies with different 
dosage or time of administration of hypertonic sodium lactate are not included in the tale. 

t Data are expressed per individual periods which end at the time indicated, measured from the start of lactate 
infusion. The initial period is the average of three control periods. 

t Glomerular filtration rate (inulin clearance). 

§ UV/P, plasma magnesium uncorrected for binding to plasma proteins. 
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TABLE II 


Summary of mean electrolyte excretion rates following various test procedures 





Excretion rate 


+36 min. +50 min. 


Procedure, 
(No. studies) 
Electrolyte 





Mean 


control +8 min.* +20 min. +65 min, +80 min, 





Mean, % control 


Sodium lactate (6) 


Cl 
Sodium bicarbonate (3)f 
Mg 
Ca 
Na 


K 
PO, 
Cl 
PAH-saturation (4)f§ 
Mg 
Ca 
Na 


K 

PO, 

Cl 
Probenecid (7)§ 

Mg 

Ca 
Na 
K 
PO, 
Cl 


Acetazolamide (10) 
Mg 
Ca 
Na 
K 
PO, 
Cl 
Mercurials (15)|| 


Cl 
Calcium chloride (5) 
Mg 
Ca 
Na 


K 
PO, 
Cl 
Magnesium sulfate (4)t 
Mg 
Ca 
Na 
K 
PO, 
Cl 


* Measured from start of the test procedure. 
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241 
115 
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214 
160 
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167f 
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107 
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313t 
330 
157t 
192t 


190t 
226t 
234¢ 
93 
132t 
212 
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163t 
146f 
109 
100 
135 
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261t 
790t 
530t 
199+ 
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115 
370 
460 
332 
132 


161t 
437+ 
391t 
226t 
265 
143 


101 
250 
335 
284 
153 


275t 

167 
69 
78 

153¢ 


327 
286 
205 

72 
209 
121 


124 
314 
344t 
218t 
218t 
142 


84 
176 
341 
264 
142 
132 


187 
390 
278 
112 


84 


136¢ 

192+ 

112 
56t 


92 
217t 
345t 
387t 
232t 


411f 
564¢ 

77t 
132¢ 





t Significant change from control, Wilcoxon matched-pairs signed-ranks test. 
t Not tested for significance because of small number of studies. 


Mersalyl (six studies) or meralluride (nine studies). 


Effects of lactate after PAH-saturation or probenecid are not included (see Figure 4). 
| 


Micromoles per minute. 
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the increased urinary excretion does not result 
from shift of magnesium into plasma, since any 
change in plasma magnesium concentration is in 
the other direction. No increase in proportion of 
ultrafiltrable magnesium was found in the two 
cases so studied. The increased urinary mag- 
nesium after lactate could not be attributed to 
changes in glomerular filtration rate, effective re- 
nal plasma flow or rate of urine flow. Changes in 
these factors were small and in opposite directions 
in individual cases, although the typical magnesium 
response occurred in all, 

In two other studies a slightly smaller initial 
dose of lactate (100 mEq.) was given, followed 
by an additional 100 mEq. over the next hour. 
The rapid fall-off of magnesium excretion from 
the sharp peak reached soon after the initial lactate 
was not prevented by the continued lactate infu- 
sion, suggesting that stimuli for renal magnesium 
conservation may be promptly elicited and quite 
effective. 


Some comparisons with the lactate effect 


Certain changes in excretion of the other major 
intracellular cation, potassium, are closely linked 
to acid-base changes. To examine the possibility 
of a similar relationship for magnesium the com- 
parisons illustrated in Figure 2 were made. 
Three subjects were given equivalent doses of 
sodium bicarbonate in exactly the same manner as 
the usual lactate procedure. In per cent of control 
the average response after bicarbonate was 141 
per cent at 8 minutes, 115 per cent at 20 minutes 
and had returned to control at 36 minutes. In 
none of the subjects was the peak UVyg response 
as large as even the smallest response in the lac- 
tate series, a significant difference between the 
series being demonstrated (p= 0.02, Mann- 
Whitney U test). 

Figure 2 illustrates the comparative effects of 
lactate and bicarbonate, and also acetazolamide al- 
though other aspects of the latter will be con- 
sidered separately. At the time of maximal mag- 
nesium effects, each type of procedure had pro- 
duced a similar degree of alkalinity of the urine, 
yet the increases in magnesium excretion differed 
greatly in magnitude between bicarbonate and lac- 
tate and following acetazolamide there was actually 
a small decrease. Plasma pH similarly did not 
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CIUM, CHLORIDE AND PHOSPHATE 


Each value is the mean from six experiments and is 
expressed as per cent of control rate. Changes from 
control that are statistically significant are represented by 
open circles. 


correlate well with magnesium excretion since 
bicarbonate had a somewhat greater effect on 
plasma pH than lactate in contrast to the effects 
on magnesium excretion. The excretion of potas- 
sium, on the other hand, appears in these data to 
be closely related to acid-base factors. 

In two studies sodium acetate was given, the 
dose being reduced to one-half the usual lactate 
dose to avoid side reactions. A small increase in 
magnesium excretion (average 124 per cent of 
control at 8 minutes) was observed, similar in 
magnitude to that observed in two additional lac- 
tate studies with one-half the usual dose. 


Tests of “inhibition” of the lactate response 

An effect which is distinctly greater following 
sodium lactate than equivalent sodium bicarbonate 
brings to mind the relative effects of these sub- 
stances on the tubular transport system handling 
pira-aminohippurate (PAH), penicillin, phenol 
red and certain other substances (see Discussion). 
To examine a possible role of this transport system 
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Mean values from six experiments with lactate, three with bicarbonate 
and ten with acetazolamide. 


in magnesium excretion, the transport system was cedures the response in UVyg seemed to be re- 
inhibited by probenecid or saturated by PAH ad- duced if expressed relative to the excretion after 
ministration. Results are illustrated by Figure 3. the “inhibiting” procedure. However, probenecid 
When lactate was given after either of these pro- and PAH saturation without lactate administra- 
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Contiguous vertical bars represent mean values of consecutive parts of a single series 


of experiments. 
fusion under each circumstance shown. 


tion appeared to cause increases in UVyg (Table 


II and Figure 3). The change following probene- 
cid was extremely small, but consistent enough to 


reach statistical significance. When compared 
with the standard error of observation of 12 per 
cent of control it seems probable that the change 
after PAH saturation was also real, although the 
number of cases was insufficient to show “statisti- 
cal significance.” The average rate reached after 
lactate in »Eq. per minute appeared somewhat 
smaller after both probenecid and PAH saturation 
than in the main lactate series. Nevertheless, ex- 
pressed in these terms, in contrast to change from 
control, the differences between the various series 
were not statistically significant. 


Effects of acetazolamide administration 


Several features of the acetazolamide studies in 
addition to those mentioned above are illustrated 
by Figure 4 and Table II. At 20 minutes after 
infusion of the carbonic anhydrase inhibitor, UVug 
averaged only 87 per cent of control and at 36 
minutes, 83 per cent. Some decrease was ob- 
served in 9 out of 10 studies and, although small, 
was statistically significant for the series. This 


Lactate response is the mean at 20 minutes after start of the lactate in- 
See text for number of studies of each type. 


was the only one of the experimental procedures 
observed which caused a decrease of magnesium 
excretion below control levels. This decrease was 
closely correlated with a decrease in glomerular 
filtration rate, which averaged 86 and 85 per cent 
of control at 20 and 36 minutes, respectively. 

Calcium excretion showed a distinct increase 
following acetazolamide. At the times of signifi- 
cant fall in the magnesium excretion (+ 20 and 
+ 36 minutes) the calcium excretion rate averaged 
206 and 211 per cent of control. Under other ex- 
perimental conditions there was a noticeable simi- 
larity of behavior between UVyg and UVe, while 
comparisons of changes in excretion rates of mag- 
nesium with those for sodium, potassium, chlo- 
ride and phosphate showed frequent examples of 
differences in time of maximum change and even 
sometimes in direction of change. Changes in 
UV wg were usually somewhat smaller both in »Eq. 
per minute and in per cent of control than simul- 
taneous changes in UCg,. Otherwise, the pattern 
of change was noticeably similar, except for the 
changes after acetazolamide when excretory rates 
of calcium as well as each of the other ions ex- 
cept magnesium showed a sharp increase. 





EARL S. BARKER, J. RUSSELL ELKINTON AND JOHN K. CLARK 

















ACE TAZOL AMIDE 
| 


20 40 60 
MINUTES 


Fic. 4. RenaL Excretion oF ELECTROLYTES FOLLOw- 
ING INTRAVENOUS ACETAZOLAMIDE: MEAN CHANGES IN 
RENAL EXCRETION OF MAGNESIUM, PotasstuM, CALCIUM, 
CHLORIDE AND PHOSPHATE 


The data are presented as in Figure 1. 


Effects of mercurial diuretics 


Increased urinary excretion of magnesium was 
observed following injection of meralluride or 
mersalyl as shown in Table II. In contrast to the 
short peak observed following lactate, this effect 
was increasing throughout the period observed. 
The highest excretion rate observed (averaging 
529 per cent of control) was at 96 minutes, which 
On the 
average, potassium excretion decreased somewhat, 


is beyond the times shown in Table II. 


a result clearly different from the distinct in- 
crease in UVyg and contributing one more situa- 
tion where a definite difference was observed in 
the renal handling of the two major intracellular 
cations. 

As measured by depression of the PAH trans- 


port system in the human kidney mersalyl is ap- 
parently about four times as potent as meralluride 
(15). In the present series the effects of these 
two mercurials on excretion of magnesium and 
other electrolytes were compared by studying six 
subjects once with each agent several weeks apart. 
There was little if any difference. Accordingly the 
results are reported together. 


Effects of infusions of calcium and of magnesium 


Changes in electrolyte excretion on administra- 
tion of calcium chloride and of magnesium sulfate 
are presented in Table II. The administration of 
calcium chloride was followed by a marked in- 
crease in excretion of magnesium (as well as of 
calcium, sodium and chloride). A rather similar 
pattern was observed following administration of 
magnesium sulfate. Calcium excretion, like that 
of magnesium, sodium and chloride showed a 
definite increase. Changes in phosphate excretion 
were relatively small and variable following either 
On the 
average potassium excretion decreased in both se- 
ries. While this was small enough not to be sta- 
tistically significant with the number of cases stud- 
ied it is clearly different from the behavior of 
calcium and magnesium. 

Ignoring the fact that part of the magnesium is 
bound or nonfiltrable, control excretion of mag- 
nesium was only about 3 per cent of that filtered. 
With the administration of magnesium it increased 
to only about 25 per cent of the amount filtered 
with the rather small infusions we were willing 
Even with liberal allow- 


magnesium or calcium administration. 


to give human subjects. 
ance for protein binding it is obvious that no net 
tubular secretion of magnesium was demonstrated. 
In separate experiments on dogs we have been 
able to observe magnesium excretion of the same 
order of magnitude as magnesium filtration, mak- 
ing allowance for binding to plasma proteins (16). 
We have, however, not observed circumstances 
where excretion clearly exceeds simultaneous re- 
A few 


observations did appear to suggest a small net 


4 


absorption to demonstrate a net secretion. 


secretion, but may represent experimental varia- 
tion under these circumstances or the fact that the 
proportion of bound magnesium remains in some 
doubt. 
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DISCUSSION 


The acute effects observed in the present studies 
are not always identical to reported changes in 
daily magnesium excretion after chronic adminis- 
tration of the same agents. The data, however, are 
particularly suitable for examination of renal 
mechanisms since they provide concurrent obser- 
vations of a number of parameters at a time when 
physiological compensation is less likely to have 
obscured the primary events. 


Changes in plasma magnesium and filtered load 


Except when magnesium itself was infused, the 
experimental procedures reported caused only 
small changes in plasma magnesium and some- 
times in different directions in different individu- 
als. More often than not the average changes ob- 
served in these studies would cause filtered mag- 
nesium to change in the direction opposite to that 
in which UV yg changed. 

The part of plasma magnesium bound to pro- 
tein has been said to constitute anywhere from 14 
to 52 per cent of the total, but most recent esti- 
mates under normal co:ditions (physiologic pH 


range, normal proteins) indicate that about 35 per 
cent of the total magnesium is protein bound (17- 


19). 


and total serum magnesium probably remains rela- 


This ratio between ultrafiltrable magnesium 


tively constant despite marked changes in total 
serum magnesium, a relationship previously ob- 
served for calcium (20). Changes in pH within 
the ordinary physiological range cause changes in 
proportion of calcium bound to protein so small as 
to be near or within the limits of accuracy of pres- 
ent experimental methods (21). From the similar 
way in which magnesium and calcium react with 
serum protein, this observation would probably 
also hold for magnesium. What data we have 
from ultrafiltration studies are consistent with 
these concepts. In any event it should be ob- 
served that any variations in proportion of filtra- 
ble plasma magnesium due to pH changes in our 
particular experiments would be expected to be 
in the wrong direction to account for the results 
observed. 

In individual experiments changes in glomerular 
filtration rate appear to be the factor most likely 
to alter the rate of magnesium filtration. How- 
ever, with most of the experimental procedures the 
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filtration rate went up in some experiments and 
down in others; in either case the same type of 
change in urinary magnesium excretion was ob- 
served. Following acetazolamide, however, the 
filtration rate uniformly decreased and this change 
is a possible explanation of the observed decrease 
in excretion of, magnesium. 


Some observations on tubular magnesium reab- 
sorption 


The clearance of magnesium (calculated using 
the total plasma magnesium concentration) during 
control periods in 65 experiments averaged 4.0 ml. 
per minute with a range from 1.5 to 13.9 ml. per 
minute. It is evident that even if liberal allowance 
is made for protein binding of magnesium, the 
dominant (if not the only) renal tubular process 
is reabsorption. We have observed a number of 
conditions in which decreased tubular reabsorption 
is the most likely explanation of increased mag- 
nesium excretion. For example, mercurial diu- 
retics, which are known to depress a number of 
tubular processes, caused a marked and sustained 
increase in the excretion of magnesium. None of 
the test procedures examined produced decreases 
in magnesium excretion except for acetazolamide, 
which also caused a fall in glomerular filtration 
rate. Such absence of demonstrated increases in 
reabsorbed magnesium is consistent with our 
previous suggestion (16), based on magnesium 
loading in dogs, that possibly tubular transport 
processes normally operate at or near saturation. 
The same observation, 1.¢., that increments in fil- 
tered load of magnesium are excreted almost com- 
pletely, has also been made by Chesley and Tepper 
on magnesium administration to pregnant and non- 
pregnant women (22 The that 
“basal” magnesium reabsorption is nearly maximal 
must be considered a tentative one, not only be- 
cause of the indirect nature of the evidence, but 
because of the magnitude of possible experimental 
error. 

Several groups are currently investigating the 
tubular site of magnesium transport in dogs by the 
stop-flow technique (23, 24) and a preliminary re- 
. magnesium is reabsorbed 


conclusion 


port indicates that “. 
with greatest avidity in the distal part of the 
nephron at a site slightly proximal to that of max- 
imal reabsorption of sodium and potassium” (24). 
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Is there a tubular secretory process for magnesium? 


Hirschfelder suggested that most of the mag- 
nesium appearing in the urine is secreted by the 
tubules (25), an interpretation based on animal 
studies indicating that magnesium excretion is de- 
pressed by injury of the tubules more than by in- 
jury of the glomeruli and follows the excretion of 
phenolsulfonphthalein more nearly than that of 
xylose. He further pointed out observations of 
earlier workers that magnesium is excreted by the 
aglomerular kidneys of the toadfish. It has been 
indicated above that if a secretory tubular trans- 
port for magnesium exists at all in man or dog, 
it must be very small compared to concurrent re- 
absorption. Nevertheless, since it could play an 
important regulatory role, the question of its ex- 
istence is not without importance. We have not, 
by magnesium loading in either men or dogs 
(16), encountered circumstances where “net” 
secretion was clearly present (i.e., where mag- 
nesium excretion clearly exceeded the rate of 
magnesium filtration). If changes in magnesium 
excretion were due principally to changes in tu- 
bular secretion one would anticipate that inhibi- 
tion of this transport and therefore decrease of 
magnesium excretion below control levels would 
not be uncommon. Since none of our test pro- 
cedures produced such decreases (except aceta- 
zolamide which also decreased filtered magne- 
sium) regulation of tubular reabsorption as sug- 
gested above seems more likely. It has recently 
been demonstrated by radioactive magnesium in- 
jection during stop-flow analysis that nonfiltered 
magnesium can enter the distal nephron via the 
tubule (23). This may, however, represent only 
a back diffusion or flux in a direction opposite to 
the predominant movement of the ion. While a 
three-component system including tubular secre- 
tion is not excluded, present data may be ex- 
plained by filtration and reabsorption alone. 


“ 


Is magnesium excretion related to known tubular 
transport systems? 


Lactate caused an increase in magnesium ex- 
cretion which averaged approximately four times 
the increase observed after equivalent bicarbonate 
administration (Table II). Lactate also caused 
about four times the effect of bicarbonate on maxi- 
mal tubular transport of PAH in man, both as 
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reported earlier (26) and in a small series we 
have studied. Studies were therefore made of a 
number of other procedures known to influence 
the renal transport mechanism concerned with the 
secretion of PAH and certain other weak organic 
acids such as phenolsulfonphthalein, Diodrast® 
and penicillin. These included administration of 
probenecid, acetate, mercurial diuretics and PAH 
itself to Tm levels, and combinations of one of 
these procedures followed by lactate administra- 
tion. Changes in magnesium excretion usually 
resulted, but there were enough differences be- 
tween the patterns of Mg and of PAH response 
as mentioned above so that the nature of the re- 
lationship, if indeed there is any, is clearly not 
a direct one. 

Another tubular secretory transport system has 
been recently suggested as involving synthesis and 
secretion of intermediates of the citric acid cycle 
(27). Malate secretion appears established and 
probably citrate and a-ketoglutarate are secreted 
under conditions of metabolic alkalosis (27). It 
is possible that magnesium might accompany such 
secreted organic acid, or that magnesium com- 
plexes formed after the anion reached the urine 


might interfere with magnesium reabsorption, but 
present data contribute no direct evidence to 
evaluation of such possibilities. 


The role of soluble magnesium complexes 


Magnesium, like calcium but in contrast to the 
univalent cations, has a marked tendency to form 
nonionized complexes, including chelate com- 
plexes. Only a small proportion of plasma mag- 
nesium is in the form of such soluble complexes, 
but magnesium excretion might be altered by any 
procedure that changes the concentration of com- 
plexing anions in the tubular lumen at the site 
of magnesium reabsorption. Present knowledge 
in this field is not adequate to assess the probable 
role of such processes. It would be necessary to 
know the concentrations of various potential com- 
plexing agents at the site involved, the pH at the 
required site, the tenacity of the bonds in the par- 
ticular complexes and the relative manner in 
which the tubule handled magnesium ions, the 
complexing anions and the complex. Even if only 
the magnesium ion were reabsorbed the complex 
might not make the bound fraction unavailable for 
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reabsorption if immediate dissociation of com- 
plex occurred as fast as concentration of the free 
fraction was reduced. Similarly PAH is virtu- 
ally completely cleared from plasma despite con- 
siderable protein binding. 

Despite the manifest difficulty of quantifying the 
role of complex formation in magnesium excre- 
tion, there is some evidence suggesting that it may 
be important. After massive infusion of sulfate, 
which forms an incompletely dissociated salt with 
magnesium, Walser and Browder observed in- 
creased magnesium excretion in the dog from 6 
to 70 per cent of filtered magnesium (28). Ci- 
trate warrants particular consideration, both be- 
cause of its strong complexing property (29) and 
because it is responsible for the major part of the 
variation in urinary organic acid produced by 
metabolic acidosis and alkalosis (30). However, 
lactate infusion in dogs caused no larger change 
in citrate excretion than the small increase after 
bicarbonate (31), a result in contrast to the 
relative effects we observed on magnesium output. 
Such observations suggest that if complex forma- 
tion is important in magnesium excretion it is of- 
ten masked by other factors. Lactate is not likely 
to be of similar importance in this respect since 
the formation constant of the complex formed by 
magnesium with lactate is comparatively small 
(29). 


Effect of acid-base changes 


Although many procedures that affect acid-base 
balance also change magnesium excretion, our 
data demonstrate a clear separation between mag- 
nesium excretion and pH of either the urine or the 
plasma. The speculation that the pH within the 
tubular cells is more important might provide 
some improvement, but still not a good correla- 
tion with magnesium excretion. For example, 
comparative effects of lactate, bicarbonate and 
acetazolamide on UVyg (Figure 2) do not seem 
explicable by acid-base factors alone. 


Are there specific interionic relationships, es- 
pecially to potassium or calcium? 


Our data do not indicate any consistent rela- 
tions between excretion of magnesium and so- 
dium, chloride, phosphate, or total ionic strength 
of urine. 
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Potassium excretion in man usually decreases 
following parenteral injection of magnesium salts 
(32, 33) (Table II). The hypothesis has been 
suggested that magnesium, a divalent ion, may 
enter into a univalent ion exchange mechanism, 
resulting in a decreased excretion of potassium 
(32). The failure of potassium chloride ingestion 
to produce a consistent effect on magnesium ex- 
cretion does not lend support to such a suggestion 
(34). In contrast to the observations in man and 
to our own observations in dogs following infu- 
sion of magnesium sulfate, it has been reported 
that infusion of magnesium chloride in the dog 
markedly increased the excretion of potassium 
(24). In the present studies examination of the 
effects of various tests procedures (Table II) indi- 
cates that those procedures that produced the 
greatest changes in potassium excretion were as- 
sociated with only modest changes in magnesium 
excretion and those procedures that produced the 
largest effect on magnesium excretion had com- 
paratively little effect on potassium output, often 
causing a slight decrease. 

Calcium and magnesium excretion showed a 
noticeable similarity of behavior with most of the 
test procedures (Table II). In Figure 1, for 
example, a similarity in shape of the curves for 
these two ions is evident. It is not clear whether 
this indicates some specific relation between mag- 
nesium and calcium or whether it results simply 
from the fact that a number of factors are likely 
to affect these chemically similar divalent ions in 
the same way. Magnesium infusion produced in- 
creased calcium excretion and calcium infusion 
produced increased magnesium excretion. Fol- 
lowing acetazolamide, however, excretion of cal- 
cium increased markedly while magnesium ex- 
cretion decreased somewhat. Apparently renal 
mechanisms regulating magnesium excretion are, 
at least partly, separate from those of other ions 
including calcium. 


Effects of other factors 


No consistent relationship was observed be- 
tween excretion of magnesium and renal plasma 
flow (PAH clearance) or rate of urine flow. 
While changes in anion excretion may influence 
magnesium together with other cations in a non- 
specific manner to maintain electroneutrality, such 
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effects are probably not predominant, as_ illus- 
trated by the marked differences in response to 
lactate and to bicarbonate. 


SUMMARY 


By acute clearance techniques and various ex- 
perimental procedures, in 70 studies in normal 
humans, factors influencing the renal excretion of 
magnesium were examined. Procedures included 
intravenous infusions of sodium lactate, sodium 
acetate, sodium bicarbonate, acetazolamide, pro- 
benecid, sodium para-aminohippurate (to tubular 
saturation), magnesium salts, calcium salts and 
mercurial diuretics alone and in certain combina- 
tions. 

On infusion of hypertonic sodium lactate, ex- 
cretion of magnesium increased to 261 per cent 
of control (average, six studies) within 20 min- 
utes, then fell back rapidly, reaching the control 
rate within 90 minutes. Except for acetazolamide, 
each of the other procedures also produced an in- 
crease in magnesium excretion, although that fol- 
lowing probenecid was quite small. The decrease 
following acetazolamide was coincidental with a 
fall in glomerular filtration rate and the increases 
in excretion after magnesium administration 
showed no definite differences from the probable 
increase in filtered magnesium. 

Changes in glomerular filtration rate, urine flow, 
renal plasma flow, plasma magnesium and acid- 
base factors did not correlate well with magnesium 
excretion in most of the conditions tested. Many 
factors which affected the tubular transport sys- 


tem for para-aminohippurate also caused changes 


in magnesium excretion but there were enough 
differences to indicate that the relationship is not 
simple and direct. 

It is suggested: 1) that the major portion of 
filtered magnesium is reabsorbed by the tubules by 
processes operating normally at or near satura- 
tion; 2) that such tubular reabsorption is the main 
regulatory process although tubular secretion can- 
not be excluded; and 3) that renal mechanisms 
regulating magnesium excretion are, at least 
partly, separate from those of other ions includ- 
ing calcium and potassium. 


. Heagy, F. C. 


3. Siegel, S. 
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Lipoprotein lipase is an enzyme found in many 
organs and tissues. The highest concentration is 
in heart and adipose tissue (2, 3). Its unique 
physiological substrate consists of the triglyceride 
component of lipoproteins which it hydrolyzes to 
fatty acids and glycerol (4). Thus, it differs from 
pancreatic lipase which will act upon triglycerides 
not bound in a lipoprotein complex. Hahn first 
noted that this enzyme appeared in the blood in a 
highly active form following parenteral heparin 
administration. It had the property of reducing 
the turbidity of lipemic plasma (5) and became 
universally known as “clearing factor.” Heparin 
or a heparin-like substance is now thought to be a 
part of the lipoprotein lipase molecule (6, 7). 

Although the precise role of lipoprotein lipase 
in the metabolism of triglycerides has not yet been 
defined, it has excited great interest. It may play 
a role in the hydrolysis of chylomicron triglyceride 
formed after the ingestion of dietary fats. It may 
be involved in the pathogenesis of atherosclerosis. 
It may be important in the outflow of the unesteri- 
fied fatty acids which provide a significant and 
readily mobilizable source of energy during the 
fasting state (8, 9). 

Jeffries (10) and later Spitzer and Spitzer (11) 
showed that the isolated, perfused rat liver de- 
stroyed lipoprotein lipase. Jeffries also found 
that hepatic venous blood of the heparinized rat 
had less clearing activity than did aortic blood. 
Morris and French, however, were unable to dem- 
onstrate loss of clearing factor by perfusing the 
rat liver (12). Hepatectomized and cirrhotic 
rats had higher plasma lipemia clearing activity 


* Presented at the annual meeting of the American So- 
ciety for the Study of Arteriosclerosis in San Francisco, 
Calif. October 24, 1958 (1). 

+ Supported by research grants from the Iowa and 
American Heart Associations. 

{This work was performed during the tenure of an 
American Heart Association Research Fellowship. 


than control rats (13). Baker, Levine, Turner 
and Dubin found that patients with hepatic cir- 
rhosis had higher post-heparin blood levels of 
clearing factor than normal subjects (14). It 
was suggested that this increased activity might 
result from failure of the liver to inactivate the 
enzyme. 

The present investigation was undertaken to 
define the role of the liver in the removal of lipo- 
protein lipase from the blood in dogs and humans. 
Lipoprotein lipase levels were determined in vari- 
ous vascular beds. In these species the normal 


liver removed lipoprotein lipase from the blood; 
liver disease prevented the usual removal. 


METHODS 


Animal experiments. Dogs in the fasting state, weigh- 
ing from 17 to 25 Kg., were anesthetized with ether or 
sodium pentobarbital. Ten normal dogs were studied. 
Hepatic vein catheterization was performed via the ex- 
ternal jugular vein. The catheter was placed in a branch 
of the hepatic vein draining the left lobe of the liver. 
A polyethylene catheter was introduced into a surgically 
exposed femoral vein for peripheral venous sampling. 
At the beginning of the experiment a preheparin sample 
was drawn from the femoral vein. Ten mg. of heparin? 
was then given intravenously. The hepatic vein catheter 
was kept patent by a slow saline-heparin drip. Five mg. 
of additional heparin was given slowly by this route 
during the experiment. Simultaneous femoral and hepatic 
venous samples were drawn at 10, 60 and 90 minutes 
post-heparin. Blood in 9 ml. amounts was added to 1 ml. 
of 1.85 per cent potassium oxalate solution in tubes 
chilled in an ice bath. Specimens were centrifuged at 
4,000 rpm and 4° C. for 10 minutes. Subsequently, the 
plasma specimens were kept at 4° C. for a period not 
longer than two hours before enzymatic activity was de- 
termined. The enzyme remains stable in plasma for at 
least 24 hours at 4° C. 

Hepatic necrosis was induced in three dogs by carbon 
tetrachloride or chloroform poisoning (15, 16). The 
same studies were performed as in the normal dogs. In 
Dogs 1 and 2 studies were performed before and after 
liver poisoning. All three dogs developed severe icterus, 


1 Sodium heparin, Abbott Laboratories. 
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anorexia and vomiting. The experiments were per- 
formed on the third day of illness. Hepatic necrosis was 
confirmed by gross and microscopic examination in two 
dogs which died later in hepatic coma. 

We have assumed in these studies that the lipoprotein 
lipase level in peripheral venous blood is similar to the 
level in blood entering the liver (i.e., in portal vein and 
hepatic artery blood). In four normal dogs this hy- 
pothesis was checked by obtaining post-heparin blood 
samples simultaneously from the portal vein, the femoral 
vein, the hepatic vein and the femoral artery. The portal 
vein was exposed after laparotomy. A Cournand needle 
was inserted into the femoral artery of these dogs for 
arterial blood sampling. 

Human experiments. Ten human subjects were stud- 
ied in the fasting state. All had been receiving the gen- 
eral hospital diet with regard to fat content and were 
eating well. Five, to be termed normals, had no evi- 
dence of liver disease. Four had mild hypertension and 
one had valvular heart disease. None was in cardiac 
failure. Five other subjects had long-standing Laennec’s 
cirrhosis documented by physical examination, very ab- 
normal liver function tests, and liver biopsy. Ascites, 
present in three patients, did not influence the results 
of this study. The cirrhotic patients were in good nu- 
tritional state. All had hepatic vein wedge pressures ele- 
vated to at least 20 mm. of mercury. Hepatic vein 
catheterization was performed by introducing a catheter 
into an antecubital vein and under fluoroscopic control 
passing it through the right atrium and inferior vena cava 
into a branch of the hepatic vein draining the right lobe 
of the liver. A Cournand needle was inserted into the 
other antecubital vein and in some experiments into the 
femoral artery. At the beginning of the experiment a 
preheparin sample was drawn from the antecubital vein. 
After the catheter was put into position in the free he- 
patic vein, 10 mg. of heparin was given intravenously. 
Simultaneous antecubital and hepatic venous samples 
were drawn at 10, 60, and occasionally 90 minutes post- 
heparin. Femoral arterial samples were also obtained 
in several subjects. Blood was handled as in the dog 
experiments. 

Lipoprotein lipase activity. Plasma lipoprotein lipase 
was quantified in two ways: (a) by the reduction in op- 
tical density or “clearing” of a plasma-coconut oil emul- 
sion and (b) by the measurement of glycerol produced by 
lipolytic action. These techniques were modified from 
descriptions by Grossman (17), Korn (2) and Baker 
(18). Coconut oil provides a suitable substrate for 
lipoprotein lipase despite the inability of the enzyme 
to act upon purified triglycerides. As Korn has dem- 
onstrated (4), the incubation of coconut oil with plasma 
lipoproteins results in the formation of a complex analo- 
gous to chylomicrons with respect to lipoprotein lipase 
action. 

Plasma was warmed at 37° C. for three minutes. Then 
2.5 ml. was mixed with 0.3 ml. of a coconut oil emulsion.? 


2 Ediol, Schendley Laboratories; kindly provided by 
Dr. B. M. Lamman. 
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The concentration of the emulsion was adjusted so that 
the mixture of plasma and coconut oil gave an initial 
optical density reading of approximately 0.60 unit. The 
optical density and glycerol content of the plasma- 
coconut oil emulsion were determined in duplicate at 
zero time and after 120 minutes of incubation at 37° C. 
The 120 minute incubation period was selected as a 
suitable time for the measurement of both optical density 
change and glycerol production in the same incubation 
tube. We had found glycerol production still linear at 
120 minutes. The change in optical density was linear 
for the lower levels of lipoprotein lipase usually found 
in 60 and 90 minute post-heparin specimens. The 120 
minute period was long enough so that the low levels of 
lipoprotein lipase present in some plasma specimens 
could be determined. Bovine albumin was not added 
to the incubation system because we did not wish to mask 
a possible effect of the altered plasma proteins of liver 
disease upon lipoprotein lipase activity. Since oxalated 
plasma was employed, the formation of turbid calcium 
soaps was not a problem. In no instance did the incu- 
bation tube develop more turbidity after maximal clear- 
ing had occurred. Anfinsen’s data had indicated a similar 
lack of returbidification after 180 minutes of incubation 
(19). Korn had used a 120 minute incubation period 
for many of his experiments employing lipoprotein lipase 
from rat heart (2). 

The optical density was read in 10 mm. cuvettes at a 
wave length of 650 mu in a Coleman Junior Spectropho- 
tometer. For glycerol determinations 0.5 ml. aliquots 
of the plasma-coconut oil emulsion were added to chilled 
tubes containing 0.1 ml. of 0.1 N sulfuric acid. The 
plasma proteins were precipitated by 2 ml. of 20 per cent 
trichloroacetic acid. Glycerol was determined on 0.25 ml. 
of the filtrate by the method of Lambert and Neish (20) 
and expressed in wMole per ml. The results were ana- 
lyzed statistically by the methods of Fisher (21). 


RESULTS 
Normal dogs 


Ten healthy mongrel dogs had much higher 
levels of lipoprotein lipase in peripheral vein blood 
than in hepatic vein blood 60 and 90 minutes post- 
heparin. The data for each dog at 10, 60 and 90 
minutes post-heparin are tabulated in Table I. 
No significant differences occurred at the 10 min- 
ute period for the group, but Dog 9 had consid- 
erable 10 minute peripheral vein-hepatic vein 
differences. These were 0.230 optical density unit 
and 0.54 »Mole of glycerol. 

At 60 minutes the optical density change for 
all normal dogs averaged 0.304 unit in the periph- 
eral vein samples and 0.213 unit in the hepatic 
The mean difference was 0.091 
Glycerol production in these ani- 


vein samples. 


(p < 0.001). 
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TABLE II 


Lipoprotein lipase levels in four vascular beds in normal dogs 








Normal dogs 


Change in optical density 


Glycerol production 











Femoral 
artery 


Post-heparin 


Femoral 
sampling time i 


Subject 
No. vein 


Portal 
vein 


Hepatic 


é Portal 
vein i 


vein 


Hepatic 


Femoral Femoral 
i vein 


vein artery 





min. units 
10 0.425 0.440 
60 0.407 0.300 
90 0.385 0.320 


10 0.400 0.320 
60 0.175 0.125 
90 0.180 0.140 


10 0.425 0.420 
60 0.225 0.170 
90 0.147 0.117 


10 0.435 0.430 
60 0.410 0.410 
90 0.380 0.380 


0.403 
0.251 
0.239 


Means for each 10 0.421 
vascular bed 60 0.306 
90 0.273 


0.430 
0.345 
0.350 


0.370 
0.155 
0.170 


0.425 
0.225 
0.147 


0.430 
0.420 
0.392 


0.414 
0.289 
0.263 


uMole/ml. 
0.74 0.72 
0.48 0.49 
0.48 0.50 


0.62 0.64 
0.24 0.16 
0.16 


0.420 
0.140 
0.165 


0.170 
0.120 
0.130 


0.410 
0.145 
0.082 


0.430 
0.360 
0.197 
0.357 
0.191 
0.169 
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0.54 
0.20 
0.22 
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0.58 
0.63 
0.28 
0.37 


0.34 
0.57 
0.19 
0.31 


0.58 
0.74 
0.32 
0.41 


0.58 
0.65 
0.31 
0.41 








mals was found to be 0.40 »Mole in peripheral 
vein and 0.28 » Mole in hepatic vein samples. The 
mean difference was 0.12 »Mole, also significant 
(p < 0.01). 

Similar results occurred at 90 minutes post- 
heparin. The optical density difference was 0.109 
unit (p < 0.001) and the glycerol difference be- 
tween peripheral and hepatic vein samples was 
0.16 »Mole (p < 0.001). In one dog 10 mg. of 
intravenous protamine * caused a prompt reduc- 
tion of lipoprotein lipase activity in both vascular 
beds. The experimental results with the use of 
either Nembutal® or ether were similar. 

Comparison of lipoprotein lipase in the femoral 
vein, femoral artery, portal vein and hepatic 
vein in normal dogs. The question arose: Does 
the significant difference in the lipoprotein lipase 
levels of peripheral and hepatic vein blood indicate 
that the liver removes this enzyme from the blood ? 
The answer could only be in the affirmative if 
lipoprotein lipase in peripheral vein blood was 
shown to be equivalent to the level in the blood 
entering the liver, 7.e., by the portal vein and 
hepatic artery. Such an assumption has appeared 
true for Bromsulphalein® levels (22). Peripheral 
vein-hepatic vein differences could mean removal 
of the enzyme by the lungs, intestinal tract, spleen 
or kidneys as well as by the liver. These possibili- 


3 Protamine sulfate, Eli Lilly and Co. 


ties were investigated in four normai dogs by de- 
termining simultaneous lipoprotein lipase levels 
in the femoral, portal and hepatic veins and the 
femoral artery. Since hepatic and femoral arterial 
blood are identical, this experiment permitted a 
comparison of all blood entering the liver with the 
blood leaving the liver. Enzymatic activity in 
blood from these vascular beds and from periph- 
eral venous blood can also be related. As shown 
in Table II both the optical density change and 
glycerol production values were much lower in the 
hepatic vein than in any of the three other vascular 
beds. At 60 minutes post-heparin, hepatic vein 
optical density change averaged 0.191 unit as 
compared with 0.306 unit in the femoral vein, 
0.251 unit in the femoral artery and 0.289 unit in 
the portal vein. The glycerol values from the fe- 
moral artery, the femoral vein and the portal vein 
were grouped together, from 0.32 to 0.28 »Mole. 
These were clearly different from the hepatic vein 
glycerol production of 0.19 »Mole. At 90 minutes 
post-heparin the data show the same grouping. 
At 10 minutes post-heparin, as also occurred in the 
group of normal dogs (Table I), no great differ- 
ences occurred between any of the vascular beds 
except for Dog 9 which did have marked differ- 
ences. In this instance, too, femoral vein, fe- 
moral artery and portal vein values were grouped 
together in contrast to much lower hepatic vein 
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Fic. 1. Hepatic REMovAL oF LipopROTEIN LIPASE IN 
Two Docs BerorE AND AFTER DEVELOPMENT OF ACUTE 
Hepatic NEcROSIS 


The peripheral vein-hepatic vein differences for optical 
density change and glycerol preduction are given for 60 
minute post-heparin specimens. 


values for both optical density change and glycerol 
production. These data fortify the assumption 
that the lipoprotein lipase level in peripheral vein 
blood (femoral or antecubital) is representative of 
the level in the blood entering the liver. 

While the lipoprotein lipase levels in the fe- 


moral vein and femoral artery are similar, slight 
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Fic. 2. Hepatic REMOVAL OF LIPOPROTEIN LIPASE IN 


Docs AnD HuMANS 


Each vertical bar represents the peripheral vein- 
hepatic vein difference in lipoprotein lipase activity as 
measured by optical density change and glycerol produc- 
tion. The normal liver is contrasted with the diseased 
liver in humans having Laennec’s cirrhosis and in dogs 
with acute hepatic necrosis. All values are those ob- 
tained 60 minutes post-heparin. 


differences are apparent in Dogs 8, 9 and 10, but 
not in Dog 11. Dog 8 at 60 minutes post-heparin 
had a femoral vein-femoral artery difference of 
0.107 optical density unit and 0.03 p»Mole of 
glycerol; at 90 minutes differences were 0.065 
optical density unit and 0.10 »Mole of glycerol. 
Dog 9 had greatest peripheral venous-arterial dif- 
ferences at the 10 minute time. Dog 10 had dif- 
ferences at 60 and 90 minutes. 


Dogs with hepatic necrosis 


Acute liver poisoning with chloroform or carbon 
tetrachloride greatly reduced the hepatic removal 
of lipoprotein lipase. At the 10 minute post- 
heparin time there was a negative peripheral vein- 
hepatic vein difference of both optical density 
change and glycerol production (Table I). At 
60 minutes post-heparin, the optical density change 
of the peripheral vein plasma averaged 0.234 op- 
tical density unit as compared with the 0.225 unit 
of hepatic vein plasma. The two vascular beds 
had also similar glycerol values. At 90 minutes 
post-heparin there was again little lipoprotein 
lipase removal by the necrotic liver. 

Two dogs, 1 and 2, were studied before and 
after the induction of acute hepatic necrosis. Fig- 
ure 1 shows that the normal liver of each dog re- 
moved lipoprotein lipase as indicated by peripheral 
vein-hepatic vein differences in optical density 
change and glycerol production. After hepatic 
necrosis there was a great diminution in lipopro- 
tein lipase removal. 

A comparison of lipoprotein lipase removal for 
all dogs indicates greater removal by the normal 
than by the necrotic liver. Figure 2 compares 
the mean lipoprotein lipase removal for normal 
dogs and dogs with hepatic necrosis at 60 minutes 
post-heparin. The normal dogs had a peripheral 
vein-hepatic vein difference of 0.091 optical den- 
sity unit; the dogs with hepatic necrosis had a 
difference of only 0.009 (one-tenth as much). 
The normal dogs had a difference of 0.12 »Mole of 
glycerol as compared with only a difference of 
0.01 »Mole in the dogs with hepatic necrosis. At 
90 minutes post-heparin the normal dogs removed 
0.109 optical density unit versus a removal of 
only 0.042 unit for dogs with hepatic necrosis. 
In terms of glycerol the normal liver removed 0.16 
»Mole and the necrotic liver only 0.05 »Mole. 
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Human subjects 


Results in five normal human subjects are tabu- 
lated individually in Table III. Subjects 2 and 5 
had the greatest peripheral vein-hepatic vein dif- 
ferences for both optical density and glycerol at 
10 minutes post-heparin, while Subjects 1, 3 and 
4 developed greatest differences at 60 minutes 
post-heparin. These peak differences ranged be- 
tween 0.140 to 0.237 optical density unit and be- 
tween 0.28 to 0.47 »Mole of glycerol. When the 
data from all five normal subjects are considered 
for the 60 minute post-heparin time, the mean 
differences were 0.120 optical density unit and 
0.31 »Mole of glycerol. These were both sig- 
nificant (p< 0.05). The mean differences for 
all subjects at 10 minutes post-heparin were 0.087 
optical density unit and 0.30 »Mole of glycerol. 
The two subjects, 2 and 4, studied at 90 minutes 
post-heparin both showed lipoprotein lipase re- 
moval by the liver. Their mean differences were 
0.096 optical density unit and 0.23 »Mole of 
glycerol. 

The five patients with Laennec’s cirrhosis had 
less clear cut peripheral vein-hepatic vein differ- 
ences (Table III). Differences were especially 
minimal as regards glycerol production. The 
peak difference for each patient occurred at 60 
minutes post-heparin and ranged from 0.003 to 
0.08 optical density unit and from 0 to 0.24 
»uMole of glycerol. The mean differences were 
0.042 optical density unit and 0.06 p»Mole of 
glycerol. The differences at 10 and 90 minutes 
post-heparin were much less. The one patient 
studied at 90 minutes had negative differences. 
The intravenous injection of 10 mg. of protamine 
in two patients caused the lipoprotein lipase levels 
in peripheral and hepatic veins to fall to the pre- 
heparin levels within 10 minutes. 

When the hepatic removal of lipoprotein lipase 
was compared in normal and cirrhotic subjects, 
the normal liver removed more lipoprotein lipase 
(Figure 2). At 10 minutes post-heparin the 
standard error of the mean differences (normals 
as opposed to cirrhotics) was 0.0565 optical den- 
sity unit (p > 0.05) and 0.309 »Mole of glycerol 
(p >0.05). At 60 minutes the standard error 
was *0.075 optical density unit (p>0O.1) and 
0.152 »Mole of glycerol (p < 0.05). 

In two normal humans and in two cirrhotic pa- 
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tients the lipoprotein lipase level was higher at 60 
minutes post-heparin in the perhipheral vein than 
in the peripheral artery. The two normal sub- 
jects had 15 and 12 per cent higher optical den- 
sity values in venous samples; the two cirrhotics 
had 9 and 7 per cent higher values in venous sam- 
ples. At 10 minutes post-heparin the normal sub- 
jects had 5 and 25 per cent higher venous values, 
but the cirrhotics had no peripheral venous-arterial 
difference at this time. In terms of glycerol, 
there were similar venous-arterial differences for 
the four subjects. 


DISCUSSION 


These results indicate that the normal liver re- 
moves lipoprotein lipase from the blood in both 
dogs and humans. Another interpretation of the 
data might be that the liver adds a substance to 
hepatic vein blood which inhibits the action of 
lipoprotein lipase. No information is available on 
this question. The hepatic removal may be re- 
garded as an extraction or denaturation phe- 
nomenon in which the lipoprotein lipase content 
of blood entering the liver is related to the content 
in blood leaving the liver. The close similarity 
of the levels of enzyme in peripheral vein blood 
and in blood entering the liver has been demon- 
strated. Lipoprotein lipase has been quantified 
by the change in the optical density of the plasma- 
coconut oil emulsion which occurred as particle 
size was reduced and by the production of glycerol 
from hydrolysis of lipoprotein triglycerides. Both 
methods of measurement, the optical and the 
chemical, yielded data supporting the same conclu- 
sion about hepatic removal of lipoprotein lipase. 
A double check on the data was thus obtained. A 
third technique of measurement, used by others 
(23), has been the determination of fatty acids 
formed by enzymatic activity. 

If the normal liver removes lipoprotein lipase, 
then the diseased liver might well have a reduc- 
tion of this function. Such has been the case in 
human cirrhosis and in dogs with acute hepatic 
necrosis. The differences across the liver for 
optical density change and glycerol production 
were reduced strikingly. The failure of the dis- 
eased liver to perform as did the normal liver 
provided further evidence of hepatic removal of 
Two reasons 


lipoprotein lipase from the blood. 
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may be advanced for the reduced removal of the 
enzyme in liver disease. First, hepatocellular 
damage might prevent a normal function of the 
liver; second, it is known that anastomoses de- 
velop between the portal and hepatic veins in 
cirrhosis and following hepatic necrosis (24). 
Such shunts would greatly reduce the usual flow 
of blood reaching hepatic cells and thus cause an 
overall impairment of hepatic function. 

Previous work on this subject has been done 
only with the rat, an animal whose liver is said 
not to contain heparin or mast cells (25). Jef- 
fries (10) and Spitzer and Spitzer (11) found 
that the isolated perfused rat liver destroyed 
clearing factor. This was not confirmed by Mor- 
ris and French who employed a similar prepara- 
tion (12). We suggest a possible explanation for 
this one divergent experimental report. The 
amount of plasma lipoprotein lipase with which 
the liver is presented may be a critical factor in 
the determination of hepatic removal by perfusion 
or sampling techniques. The time of sampling may 
be another factor. We routinely sampled at several 
different times after the administration of hepa- 
rin—at 10, 60 and usually 90 minutes. Heparin 
effect was maximal at 10 minutes, as indicated by 
prolonged whole blood clotting times and high 
levels of lipoprotein lipase. Differences between 
peripheral vein and hepatic vein levels were then 
less significant. We might ascribe this lack of 
difference to the possible overloading of the liver 
by large amounts of the enzyme. This effect 
might be expected soon after heparin injection 
when circulating blood levels of heparin were high 
and continuing to stimulate the entry of lipo- 
protein lipase into the blood. For most of the 
human subjects and for nine dogs the sample times 
giving the greatest differences were at 60 and 90 
minutes when the whole blood clotting times were 
lower or even normal and overall lipoprotein lipase 
levels were somewhat lower. 

Recently, Robinson and Harris have shown 
that after a single passage of blood containing 
heparin through the rabbit hind limb that lipo- 
protein lipase activity can be detected in the ve- 
nous return (26). Such a rapid release suggested 
to them that a lipolytic enzyme was probably de- 
rived from the inner lining of blood vessel walls. 
This work substantiates another report, that the 
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peripheral tissues in the rat release lipoprotein 
lipase into the blood (10). In humans and in 
dogs this same enzymatic release by the peripheral 
tissues appears to occur. We found higher levels 
of lipoprotein lipase in peripheral venous than in 
peripheral arterial blood. The high content of 
lipoprotein lipase in adipose tissue (3) may mean 
that this tissue or its capillaries supplied at least 
some of the lipoprotein lipase appearing in the 
blood after heparin. 

The physiological significance of hepatic re- 
moval of lipoprotein lipase is uncertain. The en- 
zyme may possibly be destroyed in the liver by 
heparinase, known to be present in the livers of 
some species (27). The incubation of lipopro- 
tein lipase with heparinase from liver (11), with 
a bacterial heparinase (6) and with a liver tissue 
homogenate (28) all caused a great reduction of 
enzymatic activity. A recent study demonstrated 
that injected heparin is inactivated by the liver 
(29). Heparin or a heparin-like substance ap- 
pears to be an integral part of the lipoprotein 
lipase molecule. When heparin was removed from 
it by passage through an anion exchange resin, 
enzymatic activity disappeared (30). It could be 
restored by the addition of heparin. Other evi- 
dence indicates that lipoprotein lipase represents a 
combination of heparin and apo-enzyme from 
which heparin is dissociated readily (31). Add- 
ing further to the idea of the close relationship of 
heparin and lipoprotein lipase is the often re- 
peated observation that heparin antagonists block 
the action of the enzyme both in vitro and in vivo. 
The prompt decline of lipoprotein lipase levels in 
the blood following intravenous protamine in our 
experiments illustrates this antagonism. 

Much of the current interest in lipoprotein 
lipase relates to its possible role in atherosclerosis. 
It has been suggested that alimentary hyperlipemia 
or chylomicronemia may be an etiological factor 
in the development of this disease (32). The de- 
layed clearing of dietary triglycerides in patients 
with coronary atherosclerosis (33, 34) provides 


evidence of a possible lipoprotein lipase deficiency 
Block, Mann and Barker 


in such individuals. 
have shown that a small dose of intravenous hepa- 
rin produced less clearing of the lipemia induced 
by a fatty meal in coronary patients than in nor- 
mal persons (35).. Others have found that plasma 
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from atherosclerotic individuals was inhibitory to 
clearing activity (36, 37). It has been shown, 
also, that the cofactor activity in the lipoprotein 
lipase system is reduced in atherosclerotic pa- 
tients (38). 

Patients with cirrhosis of the liver appear to 
have accelerated clearing of triglycerides from the 
blood (39) and exhibit very high levels of clearing 
factor after the injection of heparin (14). Our 
studies in cirrhotic patients and in dogs with he- 
patic necrosis suggest that such phenomena may 
occur because of the reduced removal of lipo- 
protein lipase from the blood in liver disease. 
The pathological and clinical evidence indicates 
that patients with cirrhosis of the liver have less 
atherosclerosis and myocardial infarction than 
comparable groups of patients dying from other 
causes (40-42). One may then pose the ques- 
tion: Might the decreased hepatic removal of 
lipoprotein lipase in cirrhosis contribute to a 
lessened incidence of atherosclerosis? The hyper- 
estrogenism, absence of hypertension, hypocho- 
lesterolemia, poor nutrition, hypoprothrombinemia, 
and increased fibrinolysis, all occurring at times 
in advanced cirrhosis, might be additional con- 
tributing factors. 


SUMMARY 


1. The lipoprotein lipase content of plasma after 
the administration of heparin was compared in 
blood collected simultaneously from the peripheral 
and hepatic veins. In five normal human subjects 
and in 10 normal dogs the liver removed or in- 
activated significant amounts of the lipoprotein 
lipase with which it was presented. 

2. Impairment of liver function greatly reduced 
the hepatic removal of the enzyme. This was 
shown in five human patients with Laennec’s cir- 
rhosis of the liver and in three dogs with acute 
hepatic necrosis. 

3. In four normal dogs the lipoprotein lipase 
level in the blood entering the liver was similar to 
the peripheral venous level and different from the 
hepatic venous level. On the basis of these data 
hepatic removal of the enzyme could be deter- 
mined from peripheral and hepatic venous blood. 

4. Lipoprotein lipase was measured in periph- 
eral venous and arterial blood in four normal dogs 
and in four humans. The differences between 
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peripheral venous and arterial blood were con- 
sistent with the release of lipoprotein lipase into 
the peripheral tissues. 
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Interest in the presence of neuraminic acid in 
human cerebrospinal fluid (CSF) and the varia- 
tions in its concentration is derived from the pos- 
sibility that these may reflect some aspect of cen- 
tral nervous metabolic activity. This, in turn, is 
based on the fact that neuraminic acid constitutes a 
part of the molecular structure of those water 
soluble glycolipids of brain that are generally re- 
ferred to as gangliosides (1). However, the 
ubiquitous nature of neuraminic acid in all tissue 
fluids and structures renders any inquiry based on 
analysis of CSF for neuraminic acid alone of 
doubtful significance. It need only be pointed out 


that neuraminic acid is found in many tissues 
either as part of the tissue gangliosides or else in 


mucoprotein-bound forms in such diverse struc- 
tures as submaxillary glands (2, 3), urinary mu- 
cins (4), human serum (5, 6), red cell stroma 
(1, 7, 8) and even the somatic glycolipid of 
Escherichia coli (9). Hence, in assessing the sig- 
nificance of changes in the neuraminic acid con- 
tent of CSF, the major problem resolves itself 
into excluding the neuraminic acid contributed by 
the serum to the CSF as well as that moiety de- 
rived from cellular elements (white and red cells) 
extrinsic to the central nervous system. 

The discovery by Bohm, Dauber and Bau- 
meister (5, 10) that serum contains neuraminic 
acid (NA) in protein-bound form was followed by 
the demonstration by Uzman and Rosen (11) that 
the maximal concentration of NA occurred in the 
glyco-proteins of the a,- and a,-globulin group, 
with a preponderance in the latter. This was con- 
firmed by the studies of Baudouin, Lewin and 
Hillion (12), Jayle (13) and others. Since the 
total NA in serum is almost entirely in non- 
dialyzable form and is almost completely accounted 

* Supported by a research grant (B-712) from the Na- 
tional Institute of Neurological Disease and Blindness, 
United States Public Health Service. 


for by the fraction precipitated by trichloracetic 
acid (14, 15), the methods initially used for the 
analysis of NA in CSF were adaptations of those 
used on serum and thus designed to give values 
only for the protein-bound forms of NA in the 
CSF. Consequently, early investigations confined 
to protein-bound fractions precipitated by ethanol 
and trichloracetic acid (16) disclosed the presence 
of only this form in CSF, levels of 2.4 yg. per ml. 
CSF being reported. Subsequent studies on 
protein-bound NA in the CSF (6) indicated 
“normal” protein-bound NA levels of 1.4 yg. per 
ml., although levels reaching as high as 122 yg. 
per ml. were also observed in cases of meningitis 
where the CSF protein levels were proportionately 
elevated. Further studies by Ross and Bohm 
(17) on the protein-bound NA suggested a “nor- 
mal” value of 2.7+0.55 wg. per ml. CSF. Al- 
though a great variety of neurological diseases 
was studied by these authors, no pathological 
process could be correlated with any specific change 
in protein-bound NA levels. Any process which 
would be expected to give a rise of the CSF pro- 
tein concentration also produced a rise in the pro- 
tein-bound NA concentration. 

This picture was modified when studies from 
this laboratory established that the NA in the 
CSF is present in two distinct forms (14). The 
first form is represented by the fraction which is 
nondialyzable and partly precipitated by trichlora- 
cetic acid. This corresponds to the protein-bound 
forms studied by Bohm, Baumeister and Ross 
(6, 17). The second fraction is the freely dialyz- 
able NA moiety of CSF. This fraction was 
shown to account for 60 to 80 per cent of the total 
NA content of normal human CSF. Since a simi- 
lar fraction does not appear to occur in demons- 
trable amounts in serum it was suggested that this 
freely dialyzable NA fraction may be derived 
from the metabolic activity of the central nervous 
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system. The present study constitutes an in- 
quiry into the significance of variations of NA con- 
centration of the CSF in different neurological 
diseases, especially with respect to the freely 
dialyzable NA fraction. Also, by a study of the 
differences of NA concentration (dialyzable and 
protein-bound) in ventricular and spinal fluid in 
cases of known types of pathology, the site of pro- 
duction of the dialyzable NA fraction and the 
pathological conditions that provide the factors 
necessary to induce changes in the concentration 
of this fraction are defined. 


MATERIALS AND METHODS 


CSF samples were obtained in the course of routine 
diagnostic lumbar puncture, pneumoencephalography or 
myelography. Ventricular fluid samples were obtained 
either in the course of diagnostic ventriculography or by 
direct puncture through the frontal fontanelle in cases of 
hydrocerznaly or Arnold-Chiari syndrome. In a few in- 
stances ventricular fluid was collected from an inlying 
catheter in patients in whom ventricular drainage was 
performed. Such samples will be designated hereafter 
as “drainage samples.” For the study of the variation 
of NA in different parts of the subarachnoid space, a 
lumbar puncture was performed with the patient in sit- 
ting position. As soon as it was ascertained that the 
puncture was nontraumatic, spinal fluid was allowed to 
flow out under its own pressure directly into clean col- 
lection tubes. Three or four samples, each exactly of 
5.0 ml. volume, were sequentially collected. One ml. 
of each sample was used for total protein estimation by 
the method employed previously (14) while 3.0 ml. was 
taken for NA analysis. In those cases where ventricular 
and spinal puncture were performed simultaneously the 
ventricular fluid was withdrawn immediately before fluid 
was allowed to run out of the needle in the lumbar 
subarachnoid space so that the initial composition of the 
ventricular fluid was not disturbed. 

Neuraminic acid estimation. The analytical procedures 
were essentially those previously employed (14). The 
analysis was performed usually on 3.0 ml. of CSF di- 
rectly, using the procedure of Bohm and colleagues (5, 6) 
with Bial’s reagent. Where NA in protein precipitates 
was analyzed, the precipitated samples were made up to 
1.0 ml. with water and the whole procedure modified 
accordingly. Jn some instances the direct reaction with 
Ehrlich’s reagent, as described by Werner and Odin 
(18), was used to check the quantitative partition of NA 
in the protein-bound and freely dialyzable fractions. 
Since, however, the direct reaction with Ehrlich’s re- 
agent lacks the desired specificity in spite of extreme 
sensitivity, the method was used only to corroborate the 
NA content obtained with Bial’s reagent. The main 
source of error in direct Ehrlich reaction is the color 
given by a-pyrrole carboxylic acid (19). Total NA val- 
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ues were obtained by treating a 3.0 ml. sample of CSF 
with 3.0 ml. Bial’s reagent (5) in a boiling water bath 
for 15 minutes. The tubes were cooled and the result- 
ing color extracted into 3.0 ml. of n-amyl alcohol, by 
shaking and centrifugation. The amyl alcohol layer was 
removed with a capillary pipette, and the absorption of 
the gray-lavender color compared at 570 my against a 
similarly treated 3.0 ml. water blank. The amount of 
NA was calculated from the extinction of a standard 
curve obtained with pure methoxy-neuraminic acid iso- 
lated from serum. Duplicates agreed within 1 per cent. 
The value for total NA thus obtained was corrected for 
glucose content of the sample whenever necessary as de- 
scribed in the next section. 

Since the identity of serum and CSF neuraminic acid 
has not yet been unequivocally established as being solely 
represented by the n-acetyl derivative, and because the 
majority of values in the literature are reported essen- 
tially as methoxy-neuraminic acid equivalents, the re- 
sults of our study are ‘also presented in this manner, 
Thus all NA values reported here are “methoxy- 
neuraminic acid equivalents.” 

The methoxy-NA preparation used for the standard 
curve was a crystalline product isolated from serum (10). 
It migrated as a single substance in the chromatographic 
systems described by Klenk, Faillard and Lempfrid (4). 
The molar ratio of a-amino nitrogen to carboxyl groups 
(titration) was 1.01. Analysis gave: 


N = 4.50 
N = 4.48 


Found C = 42.44 H = 6.80 
Expected for CiyH20.N in = 42.67 H = 6.96 


Comparison of the color value of methoxy-NA with 
Bial’s reagent and that of crystalline n-acetyl-NA! ob- 
tained from brain strandin (a ganglioside) showed that 
the n-acetyl derivative gave only 73.9 per cent of the color 
obtained with an equal amount (by weight) of methoxy- 
NA over a wide range of concentrations tested. Using 
this conversion factor (100/73.9), the values presented 
in this study can be converted easily to mn-acetyl-NA 
equivalents should future studies prove that all of the 
protein-bound and dialyzable NA fractions of CSF are 
identical with n-acetyl neuraminic acid. 

Protein-bound NA precipitated with trichloracetic acid 
(TCA-pptd. NA) was determined by treating 3.0 ml. of 
CSF with 3.0 ml. of cold 10 per cent trichloracetic acid. 
The precipitate was allowed to collect in the refrigerator 
for 30 minutes. The supernatant was discarded after 
centrifugation. The precipitate was next suspended in 
1.0 ml. water and treated with 1.0 ml. Bial’s reagent in 


1 Kindly provided by Dr. J. Folch-Pi. The analytical 
authentication of this preparation by Dr. J. Folch-Pi was 
confirmed by analysis and X-ray diffraction patterns by 
Professor Blix and established as being identical with 
n-acetyl-neuraminic acid of ovine submaxillary mucin. 
Detailed information on this preparation has recently 
been published (Folch-Pi, J., and Lees, M. Studies on 
the brain ganglioside strandin in normal brain and in 
Tay-Sach’s disease. J. Dis. Child. 1959, 97, 730). 
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Note that absorption at 570 my of NA in ventricular 
fluid is much higher than that of spinal fluid even though 
the former has a much lower protein content (9 mg. per 
cent). The nonspecific absorption of desoxyribose and 
ribose at 570 my invalidates NA determinations in CSF 
containing large numbers of white cells. 


a boiling water bath for 15 minutes. A blank containing 
only water (1.0 ml.) and Bial’s reagent was similarly 
treated. The color was extracted into 3.0 ml. n-amyl al- 
cohol and the NA content determined from the extinction 
at 570 my. Duplicates agreed within 3.0 per cent. 
Protein-bound nondialyzable NA (nondialyzable NA) 
was estimated by dialyzing 3.0 ml. of CSF for 18 hours 
against water in a viscose dialysis bag. The contents 
were quantitatively recovered (with distilled water 
washings) and made up to 5.0 ml. volume; 3.0 ml. ali- 
quots were used for the estimation of total NA as de- 
scribed above. The calculated nondialyzable NA values 
agreed within 5 per cent in duplicate determination. 
Specificity of the method and correction for glucose 
content. In order to eliminate the possibility that sub- 
stances other than NA and its chromogenic derivatives 
were also being measured with Bial’s reagent, the fol- 
lowing substances were tested both as aqueous solutions 
individually and after adding to samples of CSF appropri- 
ate amounts of glucose, galactose, p-glucosamine, n-acetyl- 
p-glucosamine, D-arabinose, D-galacturonic acid, a-methyl- 
p-glucoside tetra-acetate, i-erythritol, tetra-acetyl-p-glu- 
cose, D-ribose, 2-desoxy-p-ribose, lactose, pyruvic acid 
and oxaloacetic acid. The hexoses and their derivatives 
yielded a pale yellow-orange product which, extracted 
into n-amyl alcohol, showed no specific absorption peak 
at 570 my» but had greater absorption below 440 my 
(Figure 1). The pentoses on the other hand showed 
(in 100 wg. per ml. concentration) a very significant ab- 
sorption at 570 mu even though the absorption peak of 
the blue color itself was at 690 my for ribose and 600 
mu for desoxyribose (Figure 1). Since sedoheptulose is 


known to be the only other subtance which produces a 
specific absorption peak at 570 mp with Bial’s reagent 
(20), this was also tested for in a number of samples by 
the independent cysteine-sulfuric acid reaction (20) and 
its absence was established. Pyruvic and oxaloacetic acids 
produced no color. 

Although glucose has no specific absorption at 570 my, 
the normally high concentration of glucose in the CSF 
made it necessary to correct for the nonspecific absorption 
of the yellow-gray color produced with Bial’s reagent in 
the determination of total NA. The interference was 
negligible in the estimations of nondialyzable or TCA- 
precipitated NA. The interference was especially marked 
when the glucose concentration in the CSF was above 40 
mg. per 100 ml. This interference can be detected in any 
given sample by measuring the optical density of the 
test solution both at 490 my and at 570 my. Whenever 
the ratio Eso mu/Esi mz exceeded 0.76 the total NA value 
had to be corrected for glucose. This was done by an 
independent analysis of CSF glucose content. This value 
was read off a glucose curve obtained with Bial’s reagent 
under the same conditions used in the NA analysis to give 
the Bial color equivalent of the glucose in that particular 
sample. The contribution of the glucose content to the 
NA value was subtracted from the total Bial color den- 
sity to give the true total NA content of the sample 
(Figure 2). 

After completion of this study we were informed by 
Dr. Eli Robins (21) that ascorbic acid gives sufficient 
color with Bial’s reagent to cause some possible inter- 
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Fic. 2. Correction For GLucosE CONTENT IN DETER- 
MINATION OF ToTAL NA 


The glucose concentration (mg. per 100 ml. CSF) of 
the sample, read on the abscissa, is related to the cor- 
responding glucose Bial color in a 3.0 ml. CSF sample, 
by reading off the Bial glucose curve (solid line). This 
is converted to NA equivalents by reading the corre- 
sponding value off the NA curve (dotted line). The 
figure thus obtained gives the amount of “false” NA 
which has to be subtracted from the total NA to give 
the actual total NA content in 3.0 ml. of CSF. 





40 ya NA 





NEURAMINIC ACID OF CSF IN NEUROLOGIC DISEASES 


ference in the estimation of total NA in the CSF. We 
have explored this possibility using a wide range of as- 
corbic acid concentrations. It was found that up to 
concentrations of 0.4 mg. per ml. the reaction product 
with Bial’s reagent was pink (maximum absorption at 
550 muz). This changed to brown-green (maximum at 
590 mu) at 1.2 mg. per ml. ascorbic acid concentration. 
The lowest concentration of ascorbic acid which pro- 
duced an interference (0.15 mg. per ml.) was found to 
represent about 10 times the natural concentration of 
ascorbic acid in CSF. It seems therefore unlikely that 
this could prove a source of error. 


RESULTS 


Total NA in CSF samples. A survey of some 
further 250 samples of CSF conforming to the 
criteria delineated above (no pleocytosis, no red 
cells) but containing a wide spectrum of total 
protein, confirmed our previous report (14) that 
the total NA content of CSF is largely dependent 
on the total protein content, especially at elevated 
protein levels (Figure 3). However, at normal 
total protein levels (below 30 mg. per 100 ml. 
CSF) the spread in total NA was quite wide. 
At this level of total protein the contribution of 
the dialyzable NA to the total NA level was con- 
siderable (40 to 60 per cent) and hence these 
variations were more easily reflected in the form 
in which they are expressed (NA as per cent total 
protein) on logarithmic coordinates for correction 
of the factor of protein-bound NA. Before any 
interpretation of the level of dialyzable NA in 
CSF could be made, it was essential to ascertain 
whether the dialyzable fraction varied in concen- 
tration in the same individual according to the site 
from which fluid was removed. In other words, 
although CSF total protein content shows an ex- 
ponential gradient of increasing concentration 
from the ventricular reservoir to the lumbar sub- 
arachnoid sac, one had to determine whether the 
total NA concentration maintained the same re- 
lationship to the protein at different levels in the 
subarachnoid space. 

Changing concentration of NA in ventricular 
and spinal subarachnoid spaces. The problem of 
establishing whether the NA content showed an 
orderly change in concentration, depending on its 
concentration at different levels from the lateral 
ventricles to the lumbar subarachnoid space, was 
first approached by sequential sampling of CSF 
(5 ml, aliquots) from the same individual under 


1759 


Equation for regression line: 
‘log TP = 2.2726 —1.1590 log(NA %TP) 


Coeff. of correl.: 0.95 


for N= 262 
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Fic. 3. RELATIONSHIP oF CSF Totat NA LeEvELs To 
ToTAL PROTEIN 





conditions in which any disturbance of concentra- 
tion gradients by manipulations on the examiner’s 
or the patient’s part were avoided. Any changes 
induced by the examiner, such as exerting nega- 
tive pressure on the syringe (aspirating) or col- 
lecting different volumes in three or more tubes 
in sequence were avoided. Similarly, samples col- 
lected while the patient moved, coughed, sneezed, 
struggled or yawned during the procedure invali- 
dated the inquiry, as will be shown. Samples thus 
collected and analyzed for total protein and total 
NA revealed as expected that the dialyzable NA 
concentrations rose exponentially so that the values 
of the total NA expressed as per cent of total pro- 
tein and plotted on logarithmic coordinates fell 
exactly on a straight line (Figure 4). That this 
phenomenon depended on the maintenance of 
the natural exponentially-increasing concentration 
gradient for CSF protein (and protein-bound 
NA) and the exponentially-decreasing concentra- 
tion gradient for dialyzable NA was clearly dem- 
onstrated when 5.0 ml. samples were removed 
sequentially from subjects, but 5.0 ml. of air was 
injected before the next 5.0 ml. sample was col- 
lected (Figure 5). In these cases, although the 
same straight line trend was obvious, the points no 
longer fell exactly on a straight line. The de- 
pendence of unbound NA concentration on the 
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Fic. 4. ExponenTIAL DecreAsSE OF TOTAL PROTEIN 
AND EXPONENTIAL INCREASE OF DIALYZABLE NA Molrety 
or CSF 1n SEQUENTIALLY ReEMovED EguaL VoLUuMES 
(5.0 mu.) or CSF 

In each case the first sample has the highest protein 
concentration. When the normal concentration gradi- 
ents are not disturbed the values fall on an exact straight 
line when exponential coordinates are used. 


volume of CSF removed from the lumbar sub- 
arachnoid space was also evident when the samples 
removed in sequence from different patients were 
of unequal volume. As seen in Table I, the total 
NA content of successive aliquots removed from 
the lumbar subarachnoid space still constituted 
a successively larger percentage of the total pro- 
tein which itself decreased as CSF, originally 
higher up in the subarachnoid space, reached the 
withdrawal site. Yet a straight line relationship 
was no longer evident because of the unequal 
volumes of the samples. 

Simultaneous ventricular-spinal punctures. To 
confirm the changes in NA concentration observed 
on sequential removal of equal aliquots of CSF in 
a direct manner, simultaneous ventricular and 
spinal taps were performed with the patient lying 
on his side in six instances. These observations 
are recorded in Table II. Wide differences in 
the NA content of ventricular and spinal fluids 
were in evidence whenever there was some block 
at the outlet of the ventricular system (Table IT, 
Cases l and 2). Although the protein-bound NA 


was higher in the spinal fluid than in the ventricu- 
lar cavity, the dialyzable NA moiety was much 
higher within the ventricular than within the 
spinal subarachnoid space, as evidenced by a much 
higher total NA per cent total protein value. This 
was also true in one case (No. 6) where such a 
block to the CSF circulation could not be demon- 
strated. On the other hand, the cases showing a 
resorptive defect (Nos. 3 and 4) and decreased 
ventricular NA production (No. 5) showed an 
equalization of the NA/total protein ratio in the 
ventricular and spinal fluids. 

Variations in NA concentration in the ventricle 
in pathological states. In view of the foregoing 
results it would be expected that in internal hy- 
drocephalus, with block either at the level of the 
aqueduct or the fourth ventricle (noncommunicat- 
ing hydrocephalus), the content of dialyzable NA 
would be very high. That such is indeed the case 
was shown by study of the composition of ven- 
tricular fluid from a number of infants in whom 
total obstruction of the fourth ventricle could be 
demonstrated. The samples were obtained either 
by ventricular tap or by continuous drainage 
(Table III). 
hydrocephalus the average NA content was 27.1 
pg. per ml. fluid even though in five of these cases 


In six cases of noncommunicating 


100 200 


50 


CSF Protein( mg % ) 
30 


20 





L j 





2 3646¢S5 10 20 
NA as percent CSF Protein 
EFFECT OF DELIBERATE DISTURBANCE OF CON- 
CENTRATION GRADIENTS 
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Sequentially removed equal volume samples of CSF 
where the concentration gradients for total protein and 
NA have been deliberately disturbed by the injection of 
5.0 ml. of air between each sample withdrawal. 
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the total protein content was low. Consequently 
the contribution of the TCA-precipitated NA to the 
total was very low too. The exception to this was 
the observation on the hydrocephalic twins (S.P. 
and L.P.) in whom a high total NA content 
was accompanied by a high protein level. These 
infants had noncommunicating hydrocephalus sec- 
ondary to severe malformations of the proencepha- 
lon and mesencephalon. The atresia of the aque- 
ductus Sylvii was confirmed at autopsy some time 
later, as communicated to one of us by Dr. Philip 
Dodge. The observations on cases of noncom- 
municating hydrocephalus contrasted strikingly 
with the findings in those cases in which it could 
be definitely established that the internal hydro- 
cephalus was a communicating one, either by air 
studies or by the passage of phenolsulfonphthalein 
from the ventricular to the spinal subarachnoid 
space. The ventricular total NA content was sig- 
nificantly lower in these patients (average, 17.9 
vg. per ml.) even though in all these cases the 
ventricular protein (and consequently the TCA- 
pptd. NA) was very much higher (Table III). 
Adult patients who had severe cerebral disease 
of different types and from whom suitable ven- 
tricular fluid samples could be obtained showed a 
remarkably different picture (Table IV). We 
have included only those cases in which the diag- 
nosis was unequivocally confirmed at operation or 
autopsy. These cases fell into two groups. Group 
A was characterized clinically by evidence of 
progressive increase in intracranial pressure and 
cerebral edema, with stupor or coma of at least 
48 hours’ duration. In none of these patients was 
there any clear cut lateralization of neurological 
signs. Group B represented patients over the age 
of 40 with focal seizures of recent onset, or with 
dementia and focal signs suggesting the possibility 
of tumor. These patients, with one exception, 
were alert though often disoriented. In only one 
patient (F.D.) in this group was there rapidly 
developing stupor after an acute head injury, but 
he was included because at the time of ventricu- 
lography evidence for increased intracranial pres- 
sure and stupor was of only a few hours’ duration. 
As is evident from Table IV the total NA con- 
tent was uniformly very low in Group A (average 
total NA, 9.5 pg. per ml. CSF). 
cases where the protein content was markedly 


Even in those 
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TABLE I 


Sequential samples of unequal volume removed from 
lumbar subarachnoid space 








Total 
NAT 


Sample 
no. TP* 





mg./100 ug./mi, 
ml, 


M. W. 20 18.7 
Epilepsy 18 19.7 
17 20.5 


Temp. lobe seizures, 
postictal, 12 hours 


ot add pai 
RON UNE 


B. Sy. 
Spastic diplegia, 
congenital 

HR. 


Hypertensive 
encephalopathy 


———a 
oe 


—_ 
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One month later 


— 
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D. B. 
Basilar artery insuff. 
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Basilar artery insuff. 
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Middle cerebral insuff. 
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* Total protein. 
t Neuraminic acid. 


elevated, the protein-bound NA represented a 
relatively small portion of the total NA concentra- 
tion, indicating an absolute decrease in the dialyz- 
able NA level as well as in the protein-bound 
moiety. On the other hand, Group B showed 
only slightly elevated protein levels, while the av- 
erage total NA content (17.4 wg. per ml.) was al- 
most double that observed in the ventricular fluid 
of patients in Group A. The difference between 
the two groups was further accentuated by the 
finding that in spite of higher total levels the ven- 
tricular fluid in Group B had a much lower pro- 
tein-bound NA content. In other words, the 
dialyzable NA was very much higher in Group B 
than in Group A. 
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TABLE II 
Results of combined ventricular and spinal taps 








Right ventricle Left ventricle Spinal fluid 





Total Total Total 
TP* NAt NA/TP TP NA NA/TP TP NA NA/TP 





mg./ ye./ml. percent mg./ ug./ml. per cent mg./ psg./ml. per cent 
100 mi. 100 ml. 100 ml. 
.H.D. Hydrocephalus 
(aqueductal atresia) 


4 Basal arachnoiditis 
(4th ventricle block) 18.21 7.36 19.0 19.0 10.00 50 §=18.6 3.72 


. B. McL. Communicating 
hydrocephalus 14.4 7.00 20.0 16.6 7.85 39 613.5 3.49 
we B. ommunicating 
hydrocephalus 17.4 2.33 73.0 23.3 3.19 79 =24.2 3.05 
cB. Right thalamic 
hemorrhage 10.6 1.55 64.0 10.8 1.69 90 18.2 2.02 


Wernicke’s 
encephalopathy 10.9 10.90 17. 13.1 7.70 


7.2 10.30 6.0 6.7 11.20 17 8.46 4.98 





* Total protein. 
t Neuraminic acid. 


Changes in NA content of spinal subarachnoid from patients with chronic degenerative disease 
fluid. In 108 cases arbitrarily chosen on the basis (four cases Wilson’s disease, three cases Hunting- 
of a CSF total protein content of 30 mg. per 100 _ ton’s chorea, four cases presenile dementia, four 
ml. or less, there were 47 samples from patients in cases Parkinsonism, two cases Jakob-Creutzfeldt 
whom no neurological disease could be demon- _ disease, two cases familial spastic paraplegia and 
strated. The remaining 61 included samples two cases primary cerebellar degeneration) and 


TABLE Ill 


Neuraminic acid content of ventricular fluid in hydrocephalus 








TCA- Protein- 
Total pptd. NAt/ bound 
NAT NA/TP tot. NA NA/TP 





ug./ml. per cent per cent per cent 


Hydrocephalus (internal, noncommunicating) 


B. Az. Complete block, Arnold-Chiari, 
meningomyelocoele 

S. P. Meningomyelocoele, drainage sample 

B. W. Meningomyelocoele, drainage sample 

P.M. Meningomyelocoele, tot. block 
(3 months later) 

Lai: Hydrocephalic twins 
(noncommunicating) 

SP. Hydrocephalic twins 
(noncommunicating) 

B.D. Aqueductal atresia 


— 


wn 
FF SOG 


BO SS SOMwo 


-— 
sad 
s 


Hydrocephalus (communicating) 

ee Hydrocephalus, unknown cause 
(1 week later) 

B. McL. Porencephaly 
Combined tap: Ventr. 
Combined tap: Spinal 

B. B. Hydrocephalus, unknown cause 
Combined tap: Ventr. 
Combined tap: Spinal 
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* Total protein. 
t Neuraminic acid. 
t Trichloracetic acid-precipitated neuraminic acid. 
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TABLE IV 


Neuraminic acid content of ventricular fluid in adult tumor suspects 








TCA- Protein- 
Total pptd. NAt/ bound 
TP* NAt NA/TP tot. NA NAt/TP 





mg./ ueg./mil. per cent per cent per cent 
100 ml. 


Group A—Patients in coma or stupor, evidence of increased intracranial pressure, cerebral edema 
Right thalamic hemorrhage (no blood in 
ventricle) Right 
Left 
Right frontal metastatic tumor ree 
Left 


—— 
om 


MAMANSONWNANNASS 
DP Pe ROO OR NIDOOD 


38.5 
3 
3 


8 
0 


_ 


Medulloblastoma with 4th ventricle block 
Subdural hygroma 
Dementia, diabetes Right 
Left 
Metastatic adenocarcinoma Left 
(1 week after operation) Left 
Subdural abscess 
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0. 
34.3 
20.5 
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Group B—Patients with dementia and severe focal signs, but alert, no evidence of 
increased intracranial pressure 


6.94 
8.29 
3.53 
16.25 
6.80 
6.80 
11.60 
10.90 
10.90 
9.75 


10.00 
10.20 


12.40 
16.75 


Severe atrophy of right hemisphere pie 
eit 
(repeated) Left 
. Anterior cerebral artery thrombosis Right 
Cerebral atrophy, old infarct Right 
Left 
Aneurysm, right middle cerebral artery pg 
eit 
Wernicke’s encephalopathy Right 
Alcoholic dementia, focal seizures 
Dementia, large ventricles, metastatic 
carcinoma Right 
Left 
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Acute head trauma, developing stupor 
and focal signs on right side, aphasia — 
Left 
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* Total protein. 
+ Neuraminic acid. 
t Precipitated by trichloracetic acid. 


patients with temporal lobe seizures, chronic 
cerebral vascular disease and evidence of obstruc- T.P.< 30 mg % 
tion of the spinal subarachnoid canal (evidence of 
block at myelography or at operation). As is 
evident from the histogram in Figure 6, there 
was a considerable overlap in the distribution pat- 
terns of total NA concentration in the patients 
with and without neurological disease. The range 
in the “normal” samples was especially wide (8 to 
32 pg. per ml. CSF) with a peak between 16 and 
20 pg. per ml. Those cases with CSF protein of: al 
levels below 30 mg. per 100 ml. with evidence of 4 6 8 10 2 4 6 18 20 22 24 2% 2 0 32 
neurological disease had a total NA concentration TEN MO Tre 
distribution of 4 to 20 yg. per ml. CSF with a Fic. 6. Overtap or Tota NA In Patients WitH AND 
sharp peak between 8 and 14 yg. per ml. When Wirnout Neunotocic Disease 
this information was further broken down it was Histogram showing the distribution pattern of total 
seen that all cases with verified spinal subarachnoid NA yer ECON mE " 108 cases arbitrarily chosen because 
: the total protein was 30 mg. per cent or less. Stippled 
obstruction had total NA values below 10 yg. per 


area represents normal cases, blank area those with 
ml, CSF. The cases with chronic degenerative neurological diseases. ' 
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Fic. 7. Repuction or NA 1n Spinat Bock 


Showing the markedly reduced NA concentration (less 
than 10 wg. per ml.) in lumbar fluid in cases with proven 
block above the site of sampling, as compared with pa- 
tients having other types of neurological disorders. 
Black bars represent total NA concentration, white bars 
total protein concentration. 


disease and chronic cerebral vascular disease rep- 
resented those values that directly overlapped the 
“normal” range, the same being true for those pa- 
tients with convulsive seizures with or without 
evidence of focal lesions. The striking reduction 
in the total NA concentration of the CSF in cases 
with varying degrees of spinal block is illustrated 
in Figure 7. The seven cases of verified spinal 
block had NA content below 10 yg. per ml. ir- 
respective of the protein content, with the total 
NA representing 1.20 to 6.50 per cent of the total 
protein (average 3.61 per cent). In contrast, the 
15 cases with protein levels in the normal range 
had total NA concentrations uniformly above 10 
pg. per ml. with the total NA representing 5.47 to 
15.60 per cent of the total protein (average 9.93 
per cent). 

In all our experience, only one case without 
evidence of spinal block showed a very low NA 
content. This was a patient not included in the 
tables, with severe dementia and bilateral hemi- 
paresis with spasticity, who was shown both by 
arteriography and surgical exploration to have a 
total occlusion of both internal carotid arteries. 
In this patient the CSF total protein was 21 mg. 


per 100 ml., the total NA, 9.7 yg. per ml.; NA 
as per cent of total protein had a value of 4.55, but 
the TCA-pptd. NA represented 17.1 per cent of 
the total. 

The protein-bound NA fraction. Inasmuch as 
the relatively small volumes of the CSF samples 
available restricted the analysis of the protein- 
bound NA moiety to that obtained from analysis 
of the TCA-pptd. fraction, it was discovered that 
the latter did not represent the whole of the pro- 
tein-bound NA moiety. In 48 cases where ade- 
quate volumes of CSF were available and differ- 
ent levels of total protein concentration prevailed, 
analyses of both TCA-pptd. NA and the non- 
dialyzable NA were performed. In all instances 
the nondialyzable NA fraction was much greater 
than the TCA-pptd. NA fraction, the latter usu- 
ally representing only about 50 per cent of the 
former (Figure 8). The slope for the regression 
line for the values plotted in Figure 8 was 0.63, 
with a standard error about the regression line of 
6.73, and a coefficient of correlation “r’” equal to 
0.86. On the other hand, the nondialyzable NA 
fraction was directly related to the total protein 
concentration of the CSF in 48 cases studied 
(Figure 9). In 46 samples with differing pro- 
tein content (range, 11 to 90 mg. per 100 ml.), 
sufficient fluid was available for the estimation of 
nondialyzable NA as well as for total NA concen- 
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Non-Dialyzable NA as % Total NA 


Fic. 8. RELATION oF NONDIALYZABLE NA FRACTION TO 
TCA-PRECIPITATED FRACTION 
Showing that the nondialyzable NA fraction of CSF is 
not equal to the TCA-precipitated fraction, the latter 
always being less. Dotted lines represent the line along 
which the points would have fallen, had the two frac- 
tions been equivalent tc each other. 
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tration. The average nondialyzable NA repre- 
sented 2.0 per cent of the total protein (mean, 
2.05 per cent + 0.14; standard deviation, 0.922 
per cent) in these samples with a range of 0.76 
to 4.42 per cent. On the other hand the TCA- 
pptd. NA represented on the average 0.97 per 
cent of the total protein (mean, 0.966 per cent 
+ 0.0394; standard deviation, 0.332 per cent) in 
the CSF from 71 patients with a range of 0.42 to 
2.0 per cent, while the total protein concentration 
ranged from 11 to 275 mg. per cent. In neither 
case was there any relationship between the pro- 
tein concentration and the magnitude of the value 
of bound NA as per cent total protein. In other 
words, changes in the ratio of protein-bound NA 
to total protein in the CSF could not be shown 
to be dependent on changes in protein concentra- 


tion. 
’ 


DISCUSSION 


The assessment of the significance of change in 
concentration of any substance in the CSF re- 
quires (a) that the changes observed in any patho- 
logical process be appreciably beyond the margins 
imposed by any conceniration gradient for that 
particular substance, and (b) that all possible 
changes in the circulation pattern be accounted 
for before any changes in concentration are re- 
lated to the pathological process itself. Data pre- 
sented in this paper clearly show the existence of 
a concentration gradient for total NA as well as 
for the dialyzable NA and the protein-bound NA 
moieties. There appears to exist an inverse re- 
lationship between the concentration gradients of 
protein-bound *.A and dialyzable NA. The latter 
is highest in the ventricle and decreases sharply 
in the spinal subarachnoid fluid, while the protein- 
bound NA is in lowest concentration in the ven- 
tricle and increases pari passu with the protein 
concentration as the spinal subarachnoid space is 
reached. In line with these considerations, 
changes in the total NA content of CSF occurring 
with disease processes fall into two categories. 
The first represents those processes that produce 
an increase in the total protein concentration of 
the CSF (irrespective of etiology) and thus pro- 
duce a rise in the protein-bound NA. In these 
states the increased NA content is of no greater 
significance than the nonspecific increase of CSF 


proteins. This conclusion supports the observa- 
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Fic. 9. RELATIONSHIP OF NONDIALYZABLE NA CoNcEN- 
TRATION TO CSF Totat Protein CONCENTRATION 


The straight line represents the theoretical curve if all 
the nondialyzable NA of CSF were derived from serum. 
Thus, if the nondialyzable NA represented al/ the NA in 
CSF (100 per cent) then the NA would be 1 per cent 
of the CSF total protein (the same as in serum). 


tions of Ross and Bohm (17). In their limited 
study of 20 cases, these authors reported that 
protein-bound NA (measured as TCA-pptd. NA) 
represented 0.75 to 1.86 per cent of the total pro- 
tein, with two “normal” values reported as 0.91 
and 0.80 per cent of the total protein. The differ- 
ence found between these TCA-pptd. NA values 
and those obtained when the nondialyzable NA 
was analyzed (Figure 8) indicates that, unlike se- 
rum, only a portion of the protein-bound NA in 
CSF is precipitated by TCA. Thus our observa- 
tions on the nondialyzable NA fraction of CSF 
obtained from the lumbar subarachnoid space in- 
dicate a higher percentage of NA in the protein- 
bound form (average 2.0 per cent of the total pro- 
tein, range 0.75 to 4.42 per cent) than in the TCA 
precipitations by us and by others (16, 17). The 
reason for this difference probably resides in the 
fact that the CSF contains about 15 times more 
proteins not precipitated by TCA than does se- 


rum, as was recently shown in a detailed study by 
Bauer (22). 
fractions which are not precipitated by TCA be- 


The same author showed that those 
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long mostly to the mucoproteins of the a,- and a,- 
globulin class. Since our own studies (11) as 
well as those of others (12, 13, 23), have indi- 
cated that these a globulins are particularly rich 
in NA content, the present finding of much higher 
NA content in the total nondialyzable proteins of 
CSF as compared with those precipitated by TCA 
appears to confirm Bauer's results. The protein- 
bound NA concentration in ventricular fluid does 
not seem to differ, with respect to the percentage 
of protein-bound NA to the total protein, from 
the ranges observed in spinal fluid as long as the 
pathological process is mainly restricted to the 
circulation or resorption of CSF, as was evident 
in cases of hydrocephalus (Table III). On the 
other hand, ventricular fluid from patients with 
cerebral edema with varying degrees of cerebral 
destruction (Table IV, Group A) exhibited a 
much lower proportion of NA in the protein- 
bound fraction. We are inclined to believe that 
the probable explanation for this is that the in- 
crease in ventricular protein in these cases was 
mainly due to exudation of albumin which is 
known to be essentially free of neuraminic acid 
(11, 23). 

In contrast to the changes in the total NA con- 
tent induced by changes in the protein-bound NA, 
changes in the dialyzable NA moiety appear to be 
brought about mainly by changes in the circulation 
pattern of the CSF. The highest values were 
found in the ventricles where the outflow from 
the fourth ventricle was totally obstructed by the 
phenomenon of Arnold-Chiari (Table III) while 
lesser concentrations of dialyzable NA prevailed 
when the hydrocephalus was a communicating one. 
Similarly, drastic decreases of the dialyzable NA 
concentration were observed in spinal subarach- 
noid fluid if fluid was obtained below the site (or 
sites) where evidence of spinal subarachnoid block 
existed (Figure 7). In many instances this de- 
crease was evident without an increase in the 
total protein. Although our proven cases of spinal 
subarachnoid block are too few to justify any 
categorical conclusions, it does appear that such 
a decrease of dialyzable NA concentration in the 
spinal subarachnoid space may serve as a more 
sensitive index of physiologic block of CSF cir- 
culation than the well known elevation of total 


protein. 
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Decreases in the concentration of dialyzable NA 
were also observed in ventricular fluid (Table IV, 
Group A). The pathological findings were dif- 
ferent in every case at surgery or autopsy. The 
only common denominator in this admittedly small 
number of cases was coma with evidence of cere- 
bral edema and increased intracranial pressure. 
The only explanation that suggests itself is that 
cerebral edema, with its consequent metabolic 
disturbances and restrictions in extracellular fluid 
circulation in the cerebral substance, interferes 
with the production of dialyzable NA into the ven- 
tricular cavity. This finding, taken in conjunction 
with the fact that in every other instance, irrespec- 
tive of pathology, the dialyzable NA fraction was 
found in highest concentration within the ven- 
tricular cavity, lends further support to our 
original suggestion (14) ascribing the presence 
of this fraction to the metabolic activities of the 
cerebral substance itself. 

Our failure to note any differences between the 
dialyzable NA fraction of CSF in patients with 
chronic degenerative disease of the nervous sys- 


tem (Wilson’s disease, Huntington’s chorea, 


Alzheimer’s disease, Jakob-Creutzfeldt disease, 


primary cerebellar degeneration and so forth) and 
that of patients without neurological disease does 
not appear surprising. It seems unlikely that the 
NA contributed to the ventricular fluid by a 
chronic degenerative-destructive process could 
have any significant reflection in the dialyzable 
NA moiety of the CSF as a whole because of the 
steep concentration gradients prevailing for this 
fraction. This last factor would tend to over- 
shadow any small concentration change in the 
ventricles. 

The results obtained on sequential sampling of 
CSF at the lumbar subarachnoid space (Figure 4) 
demonstrate a regularity in the normal concentra- 
tion gradient of the total NA of CSF. Disturb- 
ances in this concentration gradient (Figure 5) 
and the results of sampling of unequal volumes 
(Table I) clearly validate the extrapolation of the 
straight line relationship observed under ideal 
conditions (Figure 4). The intercept of this 
straight line with the total NA as per cent total 
protein abscissa represents the theoretical total 
NA content of the ventricular fluid, if the total 
protein is approximately 10 mg. per cent. In any 
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given case the sequential sampling of equal vol- 
umes of CSF from the lumbar spinal subarachnoid 
space and treatment of the data, as illustrated in 
Figure 4, should prove a very useful way of esti- 
mating the approximate total NA concentration in 
the ventricle. This is especialy evident in the 
study of cases in which ventricular fluid is not 
available, and the method consequently deserves 
further exploration. 


SUMMARY 


Previous observations on the variations of 
neuraminic acid concentration of cerebrospinal 
fluid (CSF) have been extended to 262 cases. 
From this group, several smaller groups of cases 
in which the diagnosis was established at surgery 
or autopsy were chosen to correlate the patho- 
physiological variations of neuraminic acid (NA) 
content with specific types of pathological proc- 
esses in the nervous system. 

It was shown that the total NA content of CSF 
represents the sum of two fractions, One of these 
is the protein-bound NA fraction which increases 
in nonspecific manner with increasing CSF pro- 
tein concentration irrespective of the pathological 
conditions giving rise to this increase. It is in 
lowest concentration in ventricular fluid, and in- 
creases pari passu with the protein concentration 
in the lumbar subarachnoid fluid. The variations 
encountered in the relationship of the concentra- 
tion of this fraction to the total protein concentra- 
tion appear to reflect the changing proportions of 
a,- and a,-globulin glycoprotein components of the 
CSF total protein. Unlike its counterpart in the 
serum the fraction of protein-bound NA precipi- 
tated with trichloracetic acid represents only 40 to 
60 per cent of the total nondialyzable NA in CSF. 
The other is the dialyzable NA fraction which is 
found in highest concentration in the ventricular 
fluid and decreases exponentially as the lumbar 
subarachnoid space is reached. This fraction was 
found to be significantly diminished in ventricular 
fluid in cases with severe cerebral edema irre- 
It was also found to be 


spective of etiology. 
markedly decreased in spinal subarachnoid fluid 
removed below the site of subarachnoid block, 
whether the block was at the level of the aqueduct, 
fourth ventricle or cervical cord. The highest 
levels were observed in ventricular fluid in cases 
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of noncommunicating hydrocephalus due to ob- 
struction at the level of the fourth ventricle. Pa- 
tients with chronic degenerative disease exhibited 
no significant differences in the CSF content of 
either fraction when compared with patients hav- 
ing no neurological disease. 


ACNOWLEDGMENTS 


The authors are indebted to Marilynn K. Rumley, B.S., 
for valuable assistance through all phases of this study. 
Our special thanks go to Drs. K. Yada, O. Reinmuth, 
E. Lewin and A. Waltz, and to all members of the 
House Staff of the Neurological Unit for their en- 
thusiastic cooperation. 


REFERENCES 


. Klenk, E. The pathological chemistry of the de- 
veloping brain in Biochemistry of the Developing 
Nervous System, H. Waelsch, Ed. New York, 
Academic Press, 1955, pp. 397-410. 

. Heimer, R., and Meyer, K. Studies on sialic acid 
of submaxillary mucoid. Proc. nat. Acad. Sci. 
(Wash.) 1956, 42, 728. 

. Zilliken, F. Sialic acid and related compounds in 
Trans. 2nd Conf. Polysaccharides in Biology. New 
York, Josiah Macy Jr. Foundation, 1957, pp. 9-40. 

. Klenk, E., Faillard, H., and Lempfrid, H. Ueber die 
enzymatische Wirkung von Influenzavirus. Hoppe- 
Seylers Z. physiol. Chem. 1955, 301, 235. 

. Bohm, P., Dauber, S., and Baumeister, L. Ueber 
Neuraminsaure, Ihr Vorkommen und Ihre Bestim- 
mung im Serum. Klin. Wschr. 1954, 32, 289. 

. Bohm, P., and Baumeister, L. Ueber das Vorkommen 
neuraminsaurehaltiger Glycoproteide in Kdorper- 
fliissigkeiten. Hoppe-Seylers Z. physiol. Chem. 
1956, 305, 42. 

. Klenk, E., and Lauenstein, K. Ueber die Glykolipoide 
und Sphingomyeline des Stromas der Pferdeery- 
throcyten. Hoppe-Seylers Z. physiol. Chem. 1953, 
295, 164. 

. Yamakawa, T., Suzuki, S., and Hattori, T. The 
chemistry of the lipids of posthemolytic residue or 
stroma of erythrocytes. V. Glycolipids of erythro- 
cytes stroma and ganglioside. J. Biochem. 
(Tokyo) 1953, 40, 611. 

. Barry, G. T. Isolation of N-acetylneuraminic acid 
from colominic acid. Science 1957, 126, 1230. 

. Bohm, P., and Baumeister, L. Ueber die Isolierung 
der Methoxyneuraminsaure als Spaltprodukt des 
Serumeiweisses. Hoppe-Seylers Z. physiol. Chem. 
1955, 300, 153. 

. Uzman, L. L., and Rosen, H. 
acid among human serum proteins. 
120, 1031. 


Partition of neuraminic 


Science 1954, 





1768 L. LAHUT UZMAN, EDGAR A. BERING, JR. AND CHARLES E. MORRIS 


12. Baudouin, A., Lewin, J., and Hillion, P. L’acide 
neuraminique du sérum humain. Sa _ localisation 
dans les différentes fractions protéiniques. C. R. 
Soc. Biol. (Paris) 1956, 150, 1316. 

13. Jayle, M.-F..° Biochimie et intérét clinique des a, et 
a,-séromucoides. Schweiz. med. Wschr. 1956, 86, 
1425. 

14. Uzman, L. L., and Rumley, M. K. Neuraminic acid 
as a constituent of human cerebrospinal fluid. Proc. 
Soc. exp. Biol. (N. Y.) 1956, 93, 497. 

15. Siidhof, H., Kellner, H., Schonenberger, M., Haupt, 
H., and Clauditz, C. Zum Eiweisszucker normaler 
und pathologischer Seren. Hoppe-Seylers Z. phys- 
iol. Chem. 1957, 309, 136. 

16. Roboz, E., Murphy, J. B., Hess, W. C., and Forster, 
F. M. Isolation and determination of the glyco- 
proteins in cerebrospinal fluid. Proc. Soc. exp. 
Biol. (N. Y.) 1955, 89, 691. 

17. Ross, J., and Bohm, P. Neuraminsaurehaltige Glyko- 


proteide des Liquor Cerebrospinalis bei Erkran- 
kungen des Nervensystems. Klin. Wschr. 1957, 
$5,351. 


. Werner, I., and Odin, L. On the presence of sialic 


acid in certain glycoproteins and in gangliosides. 
Acta Soc. med. upsalien. 1952, 57, 230. 


. Klenk, E., Faillard, H., and Lempfrid, H. Ueber die 


Natur des Zellrezeptors von Influenzavirus. Pho- 
tographie u. Wissenschaft 1956, 5, 3. 


. Newburgh, R. W., and Cheldelin, V. H. Oxidation 


of carbohydrates by the pea aphid, Macrosiphum 
pisi (KLTB). J. biol. Chem. 1955, 214, 37. 


. Robins, E. Personal communication. 
. Bauer, H. Zur Frage der Identitat der Liquorpro- 


teine mit den Eiweisskérpern des Blutserums. 
III. Die Mucoproteine des Liquors. Dtsch. Z. 
Nervenheilk. 1957, 176, 126. 


. Dzulynska, J. Sialic acid in serum-protein fractions. 


Bull. Acad. pol. Sci. Cl. 2 1956, 4, 257. 





THE DISTRIBUTION OF INTRAVENOUSLY-INJECTED INULIN 
IN THE FLUIDS OF THE NERVOUS SYSTEM OF THE 
DOG AND RAT * 


By ASHTON B. MORRISON + 
(From the Department of Pathology, Duke University School of Medicine) 


(Submitted for publication January 29, 1959; accepted June 5, 1959) 


In any quantitative study of the degree of dam- 
age to the blood-brain barrier, it is necessary to 
be able to measure the degree of permeability of 
the barrier to a substance which does not ordi- 
narily pass through it. Bakay (1) employed P** 
labeled inorganic phosphate for this purpose; he 
measured the amount of the substance taken up 
by the brain tissue of cats after injuries which 
caused damage to the barrier. Unfortunately, 
once inorganic phosphate passes through the 
blood-brain barrier, it is rapidly taken up by the 
nerve cells so that its absolute concentration in the 
tissue is no accurate measure of the degree of dam- 
age to the barrier. For the purpose of measuring 
the degree of this damage, it would be more ad- 
vantageous to use a substance which, unlike P** 
labeled inorganic phosphate, does not enter nerve 
cells once it has passed through the damaged bar- 
rier. Inulin, which has been used extensively in 
extracellular fluid measurements in other tissues, 
might serve for such studies. Unfortunately, 
there is no detailed account of the degree of pene- 
tration of nervous tissues by inulin in the living 
animal. This is surprising in view of the amount 
of information relating to the distribution of inu- 
lin in the fluids of other tissues such as muscle 
(2-5). 

Allen (6) has determined the volume of distri- 
bution of inulin in tissue slices of brain by immers- 
ing them in solutions of inulin long enough for 
diffusion to take place and then estimating the 
inulin content of the slices. He found that about 
14.5 per cent of the tissue consisted of fluid to 
which inulin had access; and, since this value 
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agrees very well with values obtained for the ex- 
tracellular fluid content of other tissues as meas- 
ured using inulin (7), it seems reasonable to as- 
sume that inulin does not penetrate the cells of the 
nervous tissue to any greater extent than it pene- 
trates the cells of the rest of the body. Allen’s 
studies (6) did not throw any light on the way in 
which inulin was handled by the blood-brain bar- 
rier, although he remarked in his paper that inu- 
lin does not penetrate the blood-brain barrier. In 
much the same fashion, many others writing on 
the body fluids have made the statement or as- 
sumed that inulin does not enter the cerebrospinal 
fluid (7, 8). The fact that inulin does not enter 
the fluids of the gastrointestinal tract has been 
demonstrated (9) ; but, apart from an observation 
made by Swan, Madisso and Pitts in the course of 
a related study (10), little is recorded of its be- 
havior with respect to fluids of the central nervous 
system. Substances similar to inulin in chemical 
composition such as fructose and sucrose have 
been shown to enter the brain slowly (11), and it 
might be presumed that inulin behaved in a simi- 
lar fashion. 

In order to explore the possibility of using inu- 
lin as a measure of the integrity of the blood-brain 
barrier and at the same time to obtain information 
about the nature of the extracellular fluids of the 
nervous system, the following study of the degree 
of penetration of inulin into the normal brain and 
spinal cord of dogs and rats was carried out. 
It also seemed convenient at this time to find out 
to what extent inulin entered the cerebrospinal 
fluid of dogs. 

METHODS 


The experiments were carried out on mongrel dogs and 
male rats of the Osborne-Mendel Strain. 

The dogs which had been fasted overnight were bi- 
laterally nephrectomized after anaesthesia had been in- 
duced with Nembutal® (.5 ml. per Kg. body weight in- 
travenously). After the withdrawal of a control sample 
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TABLE I 


Relationship between simultaneous extracellular fluid and cerebrospinal fluid 
inulin levels at end of each experiment on the dogs 








Control dogs—no inulin injected 


Inulinoid blank level 
CSF 


Duration of 
Weight experiment ECF 





Kg. hrs. 
10 3 
10 5 

9 5 


mg./100 ml. 
2.1 
2.1 
1.7 


mg./100 ml. 
1.9 
1.6 
1.8 





Experimental dogs—inulin injected 
Inulin level 


ECF* 


Ratio 
Concentration CSF inulin 
Concentration ECF inulin 





Duration of 
experiment 





Weight CSFT 








Kg. hrs. 
7 
16 
8 
10 
10 


Dan WWW Wwww 


13 
15 


x 
in 


mg./100 ml. 


102.0 
110.0 


mg./100 ml. 
0.0 0 
0 
0 
.044 
.036 
.027 
.024 
.003 
.030 
.015 
.057 


12.0 
12.0 
21.6 
42.8 
55.2 


29.0 
66.8 
85.5 
38.5 


Ne NORNNS SS 
NwWORARBSCSSO 


* This represents the difference between the total chromogen level at the end of the experiment and that found 


before the injection of inulin. 


his represents the difference between the total chromogen level in the CSF of each animal and the average blank 


value found in the control animal. 


of blood, a solution of inulin was infused intravenously, 
the amount administered to each animal being chosen in 
such a way that the individual serum inulin levels, after 
equilibration in body fluids had taken place, were spread 
between values of 10 mg. per cent and 100 mg. per cent. 
In three dogs (Table I, Numbers 7, 9 and 11) no inu- 
lin was injected but the animals were subjected to all 
the other procedures. 

At intervals varying from three to seven hours after 
the injections of inulin a sample of cerebrospinal fluid 
(CSF) was obtained from each dog and immediately 
following this, blood was obtained by cardiac puncture. 
The CSF was withdrawn by the introduction of a needle 
such as is used for lumbar puncture in humans into the 
cisterna cerebello-medullaris from the back of the neck. 
After the cardiac puncture each animal was killed by in- 
jecting Nembutal® intravenously. Immediately after 
death in Animals 7 to 14, inclusive, the cranial vault was 
removed to expose the brain and the spinal cord was dis- 
played by a rapid laminectomy. In each of the dogs dis- 
sected in this way, portions of cerebral cortex, white 
matter and spinal cord were removed, washed rapidly in 
a dish of 0.15 M saline, dried quickly on filter paper, and 
placed in tared, stoppered tubes. 

The eight male rats studied weighed about 250 Gm. 
each and were fasted during the night before the experi- 
ment but allowed water freely. A bilateral nephrectomy 
was carried out in each under ether anaesthesia and in 


six of them 1 ml. of a 2 per cent solution of inulin in 
0.15 M saline was injected intravenously. In two of the 
rats used as controls (Table II, Numbers 247 and 253), 
no inulin was injected but 1 ml. of the saline solution 
was used. Three hours after the inulin injection, blood 
was withdrawn from each rat by aortic puncture under 
anaesthesia, and the animal was killed. The cranial vault 
was removed in each animal, a piece of each cerebral 
hemisphere removed quickly, washed, dried on filter paper, 
and transferred to a tared, stoppered tube. It was not 
possible to procure samples of CSF in the rats nor was 
it easy to discriminate between white and gray matter 
as was done in the case of the dogs. 

Preparation of samples. To a1 ml. aliquot of serum 
separated from each blood sample was added 15 ml. of 
distilled water, 2 ml. of a 0.3 M solution of Ba(OH), 
and 2 ml. of a 5 per cent solution of Zn(SO,).. The pre- 
cipitate was removed by filtration and the resulting solu- 
tion was analyzed for inulin. The CSF samples were 
treated similarly. After reweighing the tubes containing 
the tissues, 3 ml. of distilled water was added to each and 
the tissue well minced in it with a stirring rod. The 
resulting suspensions were kept overnight in the re- 
frigerator and 3 ml. of a 20 per cent solution of trichlora- 
cetic acid was added to each of them; the resulting pre- 
cipitate was removed by filtration. Aliquots of the filtrate 
were taken and analyzed for inulin. 

Inulin method. Inulin was determined throughout by 
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the resorcinol method for fructose of Bacon and Bell (12) 
as modified for inu.in by Higashi and Peters (13). 

Depending on whether serum and CSF or tissue was 
being analyzed for inulin, a suitable standard was used 
which had been treated in a similar fashion with respect 
to protein precipitant. The standards were prepared 
by appropriate dilution of the original inulin solution used 
for injection. 

Recoveries. In order to estimate the sensitivity of the 
method for tissue inulin, recoveries were carried out. A 
piece of normal dog spinal cord weighing from 1 to 2 
Gm. was placed in each of six tared tubes and re- 
weighed. Each sample was prepared for analysis in the 
same fashion described above for the tissues from ani- 
mals. After filtration of the precipitated proteins, sepa- 
rate 2 ml. aliquots of the filtrates were taken and to 
them were added 2 ml. amounts of water in which had 
been dissolved 0.005 mg., 0.015 mg., 0.020 mg. and 0.025 
mg. amounts of inulin, respectively. The resulting 4 ml. 
aliquots containing the added inulin were analyzed for 
inulin, using as a blank a further 2 ml. aliquot of each 
filtrate to which had been added 2 ml. of distilled water. 
The recoveries are set out in Table III. It can be seen 
that, as the added inulin rose above 0.02 mg. per Gm. of 
tissue, the accuracy of the recovery was more satisfactory, 
being of the order of 105 per cent. This means that, 
where the serum inulin level was 20 mg. per cent, an es- 
timation of the inulin space in the nervous tissue could 
be made if it exceeded 4 per cent of the wet weight of 
the tissue, with an error of about 5 per cent. Except in the 
case of Animal 8 (Table I), the serum level in the dogs 
was at least 50 mg. per cent, thus allowing a greater 


TABLE II 


Extracellular fluid inulin levels and inulin spaces of the 
nervous tissues in the rats 








Control animals—no inulin injected 


Inulinoid blank 





Nervous 


Rat ECF tissue 





no. mg./100 ml. mg./100 Gm. 


tissue 
247 1.9 4.6 
253 1.7 4.2 





Experimental animals—inulin injected 


Total inulin 
chromogen of 
nervous tissue 


ECF 
Rat inulin* 


Inulin 
space 





no. mg./100 ml. 


246 


mg./100 Gm. Gm./100 Gm. 
tissue tissue 
44.5 §,5 2.0 
248 42.5 e a 
249 56.0 r 1 
251 49.2 y x 
252 55.6 y 5 


“ 





* This represents the difference between the total chro- 
mogen level in the experimental animals and the blank 
chromogen found in the controls. 


TABLE III 


Recoveries 








Inulin 
recovered 


Inulin 


added Recovery 





mg./Gm. 
tissue 
0.008 
0.011 
0.011 
0.038 
0.030 
0.025 


mg./Gm. 
tissue 
0.009 111 
0.012 109 
0.013 118 
0.040 103 
0.031 103 
0.026 104 


per cent 





accuracy in the determination of smaller inulin spaces. 
It is evident from the recovery figures that there was 
a tendency to overestimate the inulin content of the tissue 
and therefore the inulin space. 

Calculations. The difference between the total serum 
chromogen at the end of the experiment and the inulinoid 
chromogen blank on the serum drawn at the beginning, 
before the inulin injection, gave the serum level of the 
injected inulin. The concentration of inulin in the ex- 
tracellular fluids (ECF) which was presumably the same 
as that in serum water was derived from that found in 
the blood serum by multiplying it by the factor 1.07. 

The total chromogen present in each sample of tissue 
was calculated, taking into account the water content 
of the tissue which was assumed to be 78 per cent of its 
total weight (6). From this figure the chromogen con- 
tent per 100 Gm. wet tissue was obtained. Similar values 
were obtained in the tissues from the control animals and 
these figures represented the chromogen blank. By 
subtracting the average value of the tissue chromogen 
blank obtained in the control animals. from the total 
chromogen content of each tissue in the experimentals, a 
figure was obtained which represented the content of in- 
jected inulin in each sample of tissue. From the inulin 
content of the nervous tissue in each animal and its con- 
centration in ECF the inulin space of the tissue was cal- 
culated by simple division and expressed as a mass of 
fluid in grams for unit weight of the tissue. 


RESULTS 


Serum and cerebrospinal fluid levels 


Table I sets out the simultaneous ECF and 
CSF levels of inulin in each dog. The concen- 
tration of ECF inulin has been derived from the 
serum inulin as described above. In the animals 
with the higher ECF inulin concentrations there 
appeared to be slightly higher levels in the CSF, 
but the relationship was erratic. In Animals 1, 2, 
3, 4, 10, 12 and 14, the experiment was continued 
for three hours and, when there was more than 
40 mg. per cent of inulin in the ECF, a slight in- 
crease in the CSF inulin was detected; but fur- 
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CSF Inulia mg /100 mal. 








Lene %g ano @ anf 
°o 410 20 30 70 





50 60 70 80 70 100 110 120 


Fic. 1. SrmuLTANEouS CEREBROSPINAL Fiumn (CSF) 


AND EXTRACELLULAR FLuip INULIN (ECF) 


Concentrations at the end of each experiment. 


ther elevation of the ECF level to values approach- 
ing 100 mg. per cent did not seem to produce any 
significant increase in the concentration in the 
CSF. Some of these effects may have resulted 
from overestimation of the inulin at low concen- 
trations due to the relative insensitivity of the 
method. 

In order to test the effect of a more prolonged 
experiment, the period between the introduction 
of the inulin and the withdrawal of the CSF was 
extended as in Animals 6, 8, 13 and 15. Here, 
although the ECF inulin levels were comparable 
to those prevailing in the three hour experiments, 
no striking increases were observed in the inulin 
concentration of the CSF of the animals. The 

Concentration of inulin CSF 
Concentration of inulin ECF 
was a further indication of the erratic relationship 
between the inulin levels of the two fluids. Neither 
extension of the experimental period nor increase 
in the serum levels seemed to bring about any 
consistent changes in the ratio over the range of 
concentrations studied, although the figures sug- 
gest that inulin entered the CSF to a slightly 
greater degree when the ECF level was higher. 
The relationship between the level of inulin in the 
ECF and that in the CSF is set out in graphical 
form in Figure 1. It is easily seen that when the 
inulin level of the ECF rose above 30 mg. per 
cent small but detectable quantities of inulin were 
At the levels of ECF inu- 


variation in the ratio 


present in the CSF. 


lin studied the concentrations of it in the CSF 
were certainly very much lower than in the ECF. 


Inulin space of the nervous tissues 


In Tables IV, V and VI are set out the data per- 
taining to the inulin space of the spinal cord, white 
matter and gray matter of each of the dogs stud- 
ied. The inulinoid blanks found in the same tis- 
sues of the control animals (Dogs 7, 9, 11) are at 
the top of each table. The inulin space in each 
piece of tissue analyzed has been calculated on the 
assumption that the average inulinoid value for 
that particular tissue in the control animals can 
be used as a chromogen blank to subtract from 
the total chromogen value in the same tissue of 
the experimental animal. The inulin space is 
set out in the right hand column of each table. 

It can be seen from Table IV that the inulin 
space for the spinal cord was, at the most, 2 per 
cent of the tissue weight. In only one animal 
(No. 12) did the inulin space exceed that value 
in both samples of spinal cord and there the inu- 
lin space was not greater than 4 per cent of the 


TABLE IV 


Inulin space of the sp 


Control animals—no inulin injected 


Inulinoid 
substance 





mg./100 Gin. 
spinal cord 


Sample A 3.9 
Sample B é 


Sample A 
Sample B 
11 Sample A 
Sample B 


Experimental animals—inulin injected 


Inulin 
space 


Total inulin 
chromogen 





mg./100 Gm. 
spinal cord 


Gm./100 Gm. 
spinal cord 
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weight of the tissue. Values of a similar order 
of magnitude were found for the inulin spaces in 
the case of both white and gray matter (Tables V 
and VI). 

If the assumption is made that the amount of 
inulin in each piece of tissue, and thus the inulin 
space, was being underestimated by the amount 
of the inulinoid blank value, then a figure, which 
represents the extreme limits of such an under- 
estimated inulin space, may be calculated. Even 
on this basis the inulin space represented only 
about 5 per cent of the tissue weight and only 
rarely did it exceed 10 per cent by weight of the 
tissue. 

Comparison of the blank values obtained in the 
three control animals showed a moderate varia- 
tion in individual animals (Tables IV, V and VI, 
Animals 7, 9 and 11). The variation in the dif- 
ferent tissues examined was consistent in any one 


TABLE V 


Inulin space of cerebral white matter in dogs 








Control animals—no inulin injected 


Inulinoid 
Dog substance 








no. mg./100 Gm. 
white matter 
7 Sample A 
Sampie B 
Sample C 


Sample A 
Sample B 
Sample C 


Sample A 
Sample B 
Sample C 





Experimental animals—inulin injected 


Inulin 
space 


Total inulin 
chromogen 


mg./100 Gm. Gm./100 Gm 

white matter white matter 
Sample A 5.0 12 
Sample B 31 1.4 


Sample A 
Sample B 
Sample C 
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Sample A 
Sample B 


Sample A 
Sample B 
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TABLE VI 


Inulin space of the gray matter in dogs 
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animal, being highest in the cortex and lowest in 
the spinal cord. The intermediate position of the 
white matter may be related to the fact that it was 
virtually impossible to obtain white matter without 
adherent gray cortex. The extent to which this 
variation in the blank chromogen value of the 
different tissues may be due to the proportion of 
each tissue that was made up of blood from the 
vascular bed cannot be determined, as no estima- 
tion of the amount of blood remaining in the indi- 
vidual tissues was carried out. 


Rat nervous tissue 


The data obtained for the rats are set out in 
Table II. The figures obtained apply to the cere- 
bral hemispheres of the rats without reference to 
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predominance of gray or white matter in the 
sample taken. The values for the inulin spices 
of the tissue were calculated in the same way as 
in the dogs. The values for the inulinoid con- 
tent of the cerebral tissues of the control unin- 
jected rats were of the same order as those found 
in the dogs, expressed per gram of tissue. The 
inulin space of the rat tissues varied from 1 to 3 
per cent of the wet weight of the tissues. These 
values again are of the same order as those found 
in the various nervous tissues of the dogs. In the 
rats, as can be seen from the table, no attempt was 
made to vary the serum level of inulin from one 
rat to another, as had been done in the case of 
the dogs. The experiments in the rats were con- 
tinued for only three hours, since it has been 
demonstrated (3, 6, 14) that inulin has diffused 
fairly completely into the ECF of the rat by the 
end of three hours. It was felt for this reason 
that the inulin content of the nervous tissues, after 
a three hour equilibration period in the rat, 
should be as satisfactory a measure of the inulin 
space as in other tissues. 


DISCUSSION 


These experimental results demonstrate that 
the blood-CSF barrier, whatever it may be, 
greatly restricted the passage of inulin from the 
blood into the CSF of the cisterna cerebello-medul- 


laris. A very significant difference was obvious 
in the levels of inulin in the blood serum and in 
the CSF in the ranges studied, although data have 
not been collected for serum inulin levels above 
103 mg. per cent. The results suggest that as 
the serum level of inulin was raised the amount 
of it found in the CSF increased slightly, but no 
consistent relationship was apparent from the 
limited data available here. Extension of the 
equilibration time available for the free dif- 
fusion of inulin certainly appeared to make little 
difference in the CSF levels attained. 

The small amounts of inulin found in the CSF 
of the animals in which the highest serum levels 
had been established may have come across the 
barrier or may even have diffused through the 
venous sinuses of the cranium. The relative im- 
permeability of the venous sinus channels and the 
arachnoid granulations to inulin passing in the re- 
verse direction, that is from the CSF to the blood, 
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has been established by Davson, who injected inu- 
lin into the CSF of rabbits and measured its very 
slow disappearance from the fluid into the blood 
stream (15). 

One disadvantage that is incurred in measuring, 
as was done here, the inulin content of the fluid 
withdrawn from the cisterna cerebello-medullaris 
is that it may not be representative of the fluid as 
a whole; fluid from the ventricles may contain 
more inulin which has passed across the choroid 
plexuses during the experimental period than that 
fluid already present in the cisterna and available 
for analysis, although the opposite state of affairs 
is more likely to be the case. In order to deter- 
mine how quickly mixing of the ventricular and 
cisternal fluids may occur, some idea of the rate 
of formation of ventricular fluid is necessary. The 
rate of formation and flow studied by the rate of 
disappearance of substances injected into the CSF 
suggests that 0.3 per cent of the fluid is renewed 
per minute by formation in the ventricle (16). 
More recent studies by Vasilevskii, who deter- 
mined the volume rate of movement of CSF in 
dogs by a mathematical analysis of the concentra- 
tion curves for the transport of an indicator, pro- 
vide support for this figure (17). According to 
Vasilevskii (17), 96 to 129 ml. of CSF flows from 
the ventricles of the dog in 24 hours and the 
CSF is exchanged not less than 10 times per day. 
These figures suggest that in the dog at any rate 
the concentrations of inulin present in the cisternal 
fluid after an equilibration period of at least three 
hours are probably not greatly different in order 
of magnitude from those in the ventricles close to 
the plexus. 

Concentration in CSF 
Concentration in serum 
measured for sucrose by Davson, and the value 
he found was 0.022 (18). In the experiments re- 
ported here, a figure of the same order of magni- 
tude was obtained for the ratio in the case of inu- 
lin, when allowance has been made for the inu- 
linoid blank values of both serum and CSF. It 
is difficult to make an accurate comparison of the 
ratios for sucrose and inulin, since the figure cal- 
culated for sucrose by Davson prevailed after the 
serum level had been maintained at a steady level 
for a period of time (18), while in the experi- 
ments reported here, the serum level of inulin 


has been 





The ratio 
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was presumably at its peak just after injection and 
slowly declined as the inulin diffused through the 
ECF of the dog from the time of injection. 

From the results of the tissue analysis, it can 
be seen that just as the blood-CSF barrier re- 
strained the passage of inulin, so the blood-brain 
barrier also seemed to impair its free diffusion. 
The low values discovered for the inulin space of 
the nervous tissue are consistent with the view 
that the inulin may be confined almost entirely 
to the blood vascular channels. It has been 
shown that the average content of blood in the 
brain of the dog occupies 8.3 per cent of the 
weight of the tissue (19). Assuming that half of 
this blood is serum, then 4.1 per cent of the 
nervous tissue is occupied by serum. This figure 
is of the same order of magnitude as the values 
obtained in these experiments for the inulin space 
of the nervous tissue. The similarity of these two 
values suggests that inulin diffuses through a 
space in the nervous tissue closely corresponding 
in size to that of the blood and most likely con- 
fined to the same anatomical location. The low 
values for the inulin space found in these in vivo 
experiments are in sharp contrast to the values of 
around 15 per cent of the wet weight of the nerv- 
ous tissue found by Allen (6). His experiments 
were carried out on tissue slices of brain and the 
results can in no way be regarded as inconsistent 
with ours. They suggest, indeed, that inulin, if 
it is not imprisoned in the blood vessels by the 
blood-brain barrier, is free to diffuse more freely 
through the brain tissue. It is impossible to be 
sure through what particular fluid phase such dif- 
fusion takes place but, considering the extent of 
the diffusion in Allen’s experiments (6), it ap- 
pears to be similar in extent to what would be re- 
garded as ECF in other tissues. Although Allen 
found evidence that the inulin entered nerve cells 
to some extent toward the end of his incubation 
periods, it is probable that such a finding was more 
a result of the state of the cells in the tissue slice 
than a reflection on the behavior of nerve cells in 
vivo with respect to inulin. 

The CSF has been described as a transcellular 
fluid (7, 20) but, as Manery has pointed out (21), 
it is still part of the body’s extracellular fluids and 
may more specificially be representative in com- 
position of the fluid which bathes the nerve cells, 
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that is, the true ECF of the nervous system or its 
equivalent. The relative inability of inulin to 
permeate either the CSF or the tissues of the 
nervous system, as demonstrated here, may reflect 
the biological identity of those fluids suggested by 
Manery (21). 

The possibility that the ECF, as it appears to 
exist in other tissues, is not present in the nervous 
system has been suggested by Lumsden (22, 23). 
He contends that the area which makes up the 
neuropil and lies between the endothelium of the 
brain capillaries and the nerve cells themselves, 
consists of a glue-like stuff which is cytoplasm con- 
tained in processes of the astrocytes. The nutri- 
ents and other substances required by the nerve 
cells presumably pass from the vascular system 
across the protoplasmic neuropil either by a 
process of active transport or by simple diffusion. 
In the same way the astrocytic processes making 
up the neuropil may be the system responsible 
for confining many substances including inulin 
to the vascular bed of the brain. If this is so then 
inulin may not permeate the brain fluids because 
it is unable to pass into and through the cyto- 
plasmic material of the neuropil, just as it does 
not enter other tissue cells. The means by which 
this is accomplished is unknown, but it may repre- 
sent an active transport process on the part of 
the astrocytes or their processes. The entry of 
inulin into 14.5 per cent by weight of a tissue slice 
of brain, as reported by Allen (6), may be re- 
garded in the light of this hypothesis as the re- 
sult of a failure of the process of active transport 
under conditions such as exist in a tissue slice, 
where the oxygen supply of the neuroglia and 
their processes may be impaired. The results 
presented here concerning the relative inability 
of the inulin to penetrate the fluids of the nerv- 
ous system indicate that the nervous system lacks 
an inulin space such as exists in other tissues. As 
it is known that the thiocyanate space in the brain 
tissue is much smaller than in other tissues (23), 
the results of these experiments with inulin may 
be confirmatory evidence of the absence of an ECF 


phase in the brain comparable to that obtaining 


in other tissues. 

Eichelberger and Richter (24) have analyzed 
the brain of the dog for chloride and sodium and 
have calculated its ECF volume, assuming that the 
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chloride and sodium are extracellular ions. On 
this basis, they find that the ECF volume of 
nervous tissue is 30 per cent of the wet weight of 
the tissue when chloride is the reference ion and 
35 per cent when sodium is used as reference. 
The great discrepancy between the chloride and 
sodium spaces of nervous tissue as determined by 
Eichelberger and Richter on the one hand, and 
the inulin space derived from our experimental 
results on the other, serves to emphasize the fact 
that inulin and the other substances used to de- 
termine ECF volume in tissues and in the whole 
organism measure very different things. Quite 
apart from these considerations, the extreme de- 
gree of impermeability of the fluids of the cen- 
tral nervous system to inulin may well be a factor 
in its small volume of distribution relative to all 
the other substances used to measure ECF vol- 
ume in the whole animal. 

Inulin is, then, a substance which is probably 
confined to the blood vascular system in the cen- 
tral nervous system; and the measurement of its 
content in nervous tissue may well be of use in 
assessing the degree of damage to the blood-brain 
barrier. Further study of the relationship of the 
blood-brain barrier and the ECF of the central 
nervous system, using methods and substances 
similar to those used here, may provide further 
quantitative data on the nature of the fluids of the 
central nervous system and their relationship to 


the CSF. 


SUMMARY 


Inulin was injected intravenously into bilater- 
ally-nephrectomized dogs and rats and, after in- 
tervals lasting at least three hours, the cerebro- 
spinal fluid inulin concentration was compared 
with that of the serum. 

Analyses of the gray matter, white matter and 


spinal cord for inulin were carried out after sacri- 

fice and the inulin space of the tissue estimated. 
Under the conditions of the experiment, inulin 

penetrated the blood-cerebrospinal fluid barrier of 


the dog to a slight extent. It was not able to 
cross the blood-brain barrier freely, and the in 
vivo inulin space of nervous tissue was less than 
5 per cent of the wet weight of the tissue. The 
inulin may have been restricted to the blood vas- 


cular system either because it was unable to pass 
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across the capillaries of the brain or because a 
fluid phase corresponding to the extracellular 
fluid in other tissues does not exist as such in the 
nervous system. 
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In normal man, the renal clearance of urate is 
only a small fraction, some 5 to 10 per cent, of the 
inulin clearance. The prevailing interpretation of 
this low urate/inulin clearance ratio assumes com- 
plete filtrability of the plasma urate at the glo- 
merulus, an assumption supported by several 
lines of evidence (1-7) ; reabsorption of 90 to 95 
per cent of the filtered urate; and excretion of 
that 5 to 10 per cent which has escaped reabsorp- 
tion. The renal regulation of urate excretion in 
man is thus considered to be limited to the proc- 
esses of glomerular filtration and tubular reab- 
sorption. 

There are some difficulties with this concept. 
Berliner, Hilton, Yu and Kennedy (2), in demon- 
strating a Tm urate for normal man of the order 
of 15 mg. per minute, pointed out that this reab- 
sorptive capacity is far greater than any filtered 
urate load normally imposed upon it. Conse- 
quently, the Tm for urate cannot be considered 
directly to determine the quantity of urate ex- 
creted, which is regulated by a proximate mecha- 
nism as yet undefined. Not easily reconciled with 
the current concept is the striking dissociation be- 
tween filtered urate loads and excreted urate noted 
over a wide range of glomerular filtration rate in 
150 (8). 


Further, the marked suppression of renal excre- 


clearance studies of gouty subjects 
tion of urate in man after administration of py- 
(10) the 


conventional view, require the rather awkward 


razinamide (9) or lactate would, in 
assumption that tubular reabsorption of urate is 


stimulated by these compounds. Finally, the 
paradoxical effect of salicylate and other drugs on 
urate excretion in man (11) would, according to 
the conventional concept, necessitate the presump- 
tion that small doses stimulate, and large doses of 


the same drug suppress, tubular reabsorption of 
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from the 


urate; moreover, that intermediate doses (which 
have little or no net effect on urate excretion) 
simultaneously stimulate and suppress the tubular 
reabsorptive transport system (12). 

The present study is concerned with an alterna- 
tive interpretation of the overall urate clearance 
data in man which would seem largely to resolve 
these difficulties, namely that the plasma urate is 
virtually wholly filtrable at the glomerulus; the 
filtered urate is then practically completely reab- 
sorbed by the tubules; and tubular secretion of 
urate constitutes the proximate mechanism largely 
responsible, under ordinary circumstances, for the 
excretion of urate in the urine (11, 13). Support 
for these assumptions is provided by the clear- 
ance data to be presented which indicate that, 
under appropriate experimental conditions, the 
quantity of uric acid excreted in the urine of man 
can be demonstrated to exceed the quantity cal- 
culated to be filtered at the glomerulus. 


METHODS 


The subjects studied, seven with intercritical gout and 


five nongouty, none with overt cardiovascular disease, 


were given 400 to 600 mg. per day of a potent uricosuric 
agent, G-28315 
The 


tients in the 


(sulfinpyrazone) (14) for a day or two. 
studies were then begun, with the pa- 
infusing 1 per 


clearance 
postabsorptive state, by 
cent inulin in saline solution and, simultaneously, 0.2 per 
cent uric acid in 15 per cent mannitol at a rate of 9 ml. 
per minute (later increased to 17 ml. per minute). 
Shortly after the infusions were started the first of four 
doses (each 375 mg.) of the sodium salt of sulfinpyrazone 
was injected intravenously; this was repeated at in- 
tervals of 40 to 60 minutes for a total of 1.5 Gm. to ensure 
the greatest obtainable suppression of tubular reabsorp- 
tion of urate throughout the experiment. After allowing 
for equilibration, urine samples were collected at 15 to 
20 minute periods by indwelling catheter, with bladder 
air wash at the end of each collection period. Venous 
blood samples were procured at the midpoint of each 
period, using heparin as anticoagulant. 

The uric acid-mannitol infusate was prepared by dis- 
solving 5.0 Gm. uric acid in 1 L. of hot 0.15 per cent 
lithium carbonate solution; this was then added to 1.5 L. 


of 25 per cent mannitol in water to give 2.5 L. of 15 per 
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cent mannitol containing 0.2 per cent uric acid and 0.06 
per cent lithium carbonate. The total uric acid delivered 
in the course of any one experiment varied from 3.0 to 
48 Gm. The total quantity of lithium given as Li, 0.2 
to 0.3 Gm., is well below the toxic level in patients not 
receiving salt poor diets (15). 
were noted except for transient water emesis in three 
patients shortly after termination of the experiment. 
Neither gouty nor nongouty subjects developed any 
acute arthritis in association with the uric acid infusion. 

Inulin was determined in plasma anc urine, immediately 
upon procurement of the specimens, by the resorcinol 
method of Schreiner (16). Uric acid in plasma and 
urine was determined by a modification (17) of the 
colorimetric method of Buchanan, Block and Christman 
(18) incorporating the use of crude uricase, urea cya- 
As indi- 


cated elsewhere (17) the results obtained by this method 


No untoward reactions 


nide carbonate, and arsenophosphotungstic acid. 


are in satisfactory agreement with spectrophotometric 
analysis, which was employed for spot checks. 

In making the calculations, the plasma urate was as- 
sumed to be completely diffusible in both gouty and non- 
(4). 


content or Donnan effect were not made; such correc- 


gouty subjects Corrections for plasma protein 


tions, it is estimated, would increase the figures for fil- 
tered urate something less than 10 per cent. 


RESULTS 
Table I summarizes the results of six experi- 
ments in which the ratio, excreted urate/filtered 
urate, exceeded 1.0 in at least two consecutive pe- 
Ratios > 1.10 were attained in five of 
these experiments, two reaching 1.20 and 1.23. Of 


riods. 


the six similar studies not included in Table I, all 
yielded ratios of 0.90 to 1.0, and two rose to 1.05 
for a single period. 

Suppression of tubular reabsorption of urate 
is required for such demonstration of tubular se- 
cretion of urate in man, since the quantity of 


urate filtered and reabsorbed otherwise is many 
times greater than that excreted. 
pose G-28315, which as previously reported (14) 


For this pur- 


markedly increases Curate, Was employed. The uri- 
cosuric effect was further augmented, about 20 
per cent, by vigorous manriitol diuresis to 20 to 40 
ml. urine flow per minute, as established in pre- 
liminary experiments. Despite these measures, 
however, it is highly improbable that tubular reab- 
sorption of urate was completely suppressed, even 
urate exceeded the filtered 


when the excreted 


urate. This is unlikely not only on a priori but 
also on experimental grounds; in studies carried 


out as described under Methods, but omitting uric 
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acid from the infusion, the highest urate/inulin 
clearance ratio attained was 0.73. 
fore be presumed that the quantity of urate ex- 
creted throughout the experiments, summarized in 
Table I, was appreciably lessened by persistent tu- 
bular reabsorption of 


It may there- 


substantial amounts of 
urate. 

When the plasma urate was increased by sus- 
tained infusion of uric acid to levels of 13 to 22 mg. 
per 100 ml. (Table 1), the filtered urate load of 
course increased within the limits of the reduced 
glomerular filtration rates of the subjects studied, 
but there was a disproportionate increase in ex- 
creted urate, the net effect being higher excreted 
urate/filtered urate ratios. It is presumed that 
the higher plasma urate levels enhanced the tu- 
bular secretion of urate. Moreover, it is likely 
that the reabsorptive Tm for urate, which was 
markedly reduced by the G-28315 administered, 
was exceeded in some experiments by the large 
filtered urate loads presented to the tubules. 

A prerequisite for the demonstration of urate 
inulin clearance ratios > 1.0 in these studies was 
a reduced glomerular filtration rate, of the order 
of 40 to 80 ml. per minute. 
fulfilled by selection of subjects known through 


This requirement was 


prior clearance ‘studies or suspected by virtue of 
Table I, the 
experimental conditions employed did not effect 


age to qualify. As indicated in 


any significant change in inulin clearance. It was 
not necessary to resort to positional changes or 
use of ganglionic blocking agents to bring about 
any further reduction in the glomerular filtration 
rate. 
DISCUSSION 

The data summarized in Table [| offer direct 
testimony for tubular secretion of urate in normal 
and gouty man. It should be emphasized that 
the excreted urate/filtered urate ratios cited were 
procured in the face of probable incomplete sup- 
pression of tubular reabsorption of urate, and 
therefore should be regarded as minimal figures. 
Although quantitative data thus are not available, 
it may be inferred that under ordinary circum- 
stances the excreted urate is very largely derived 
by tubular secretion (8). Indeed it is possible 
that larger quantities of urate are secreted by the 
tubules than are excreted in the urine, since the 


sites of secretion and reabsorption of urate in the 
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TABLE I 


Experiments demonstrating tubular secretion of urate in gouty and nongouty subjects 


Urine Excreted urate 
flow inulis Puratet F urate UVurate§ urate Filtered urate 


min mi./min, ml./min. mg./100 ml. mg./min, mg./min ml./min 


. M.H. 42 Infusions started: inulin; uric acid-mannitol, 9 ml./min.; G-28315¢ 


49 0-99 11.1 68.9 14.0 9.65 7.53 53.7 
1.85 99-134 16.9 75.7 16.5 12.5 9.79 59.3 
Gout 134 Uric acid-mannitol infusion rate increased to 17 ml./min. 
134-149 21.3 68.8 18.8 13.0 : 65.0 
149-159 24.5 64.5 19,2 12.4 t 73.0 
159-174 28.3 67.0 a. 4 13.7 a: 77.3 
174-184 30.0 66.3 22.0 14.6 ; 79.3 
184-189 30.0 66.3 22.3 14.8 ‘ 78.0 


42 Infusions started: inulin; uric acid-mannitol, 9 ml./min.; G-28315§ 


13.2 44.3 10.2 4.52 3.67 36.0 
Uric acid-mannitol infusion rate increased to 17 ml./min. 

13.6 85 6.22 45.7 

15.7 6.35 7.20 46.0 

17.0 6.70 8.20 48.3 

18.6 8.60 9.40 50.5 

18.6 8.90 10.0 53.8 
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68 63 4.60 2.09 24.3 
1.51 3-103 8.10 4.78 34.7 
Gout 3-123 8.06 6.65 48.2 
143 8.05 8.01 58.0 

162 8.20 9.15 67.3 

2-173 8.60 9.68 70.3 
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J.R. ~38 Infusions started: inulin; uric acid-mannitol, 9 ml./min.; G-283154 


47 0-98 8.6 86.4 11.1 9.60 5.98 53.8 
1.83 98-160 13.0 82.7 13.6 11.3 8.82 64.9 
Gout 160 Uric acid-mannitol infusion rate increased to 17 ml./min. 
160-180 17.8 69.0 15.1 10.4 11.3 4, 
180-195 18.3 69.5 15.8 11.0 11.4 rf 
195-207 21.3 72.8 16.3 11.9 12.4 6. 


H. M. -51 Infusions started: inulin; uric acid-mannitol, 9 ml./min.; G-28315¢ 


65 0-59 17.7 81.4 8.0 6.50 5.48 68.5 

1.74 59 Uric acid-mannitol infusion rate increased to 17 ml./min. 

Nongouty 59-74 22.3 86.0 10.0 8.60 , 80.4 
74-89 29.3 81.3 11.7 9.50 90.7 

89-104 33.3 84.2 1 10.7 : 94.5 

104-119 37.3 87.0 1, 12.1 97.2 

119-134 42.7 1; 12.9 102 


85.0 


“2. 2 : Infusions started: inulin; uric acid-mannitol, 9 ml./min.; G-28315¢ 


2 : 8.5 49.2 11.3 5.55 . ° 0.85 

.60 ; Uric acid-mi —_ infusion rate incre: wnat to 17 ml./min. 

ongouty . 13.0 53. 12.9 6.85 6.15 : 0.90 
16.3 
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94-100 8.15 9.03 


* Inulin clearance 
t Plasma urate concentration. 
t Filtered urate 
§ Urinary urate excretion. 
Urate clearance. 
* Injection of G-28315 repeated every 40 to 60 minutes three times during the course of the experiment. 





TUBULAR SECRETION OF 


tubules have not been established, and reabsorp- 
tion of some secreted as well as filtered urate is 
not precluded by the overall clearance data. In 
special circumstances (inborn or acquired defects 
in tubular reabsorption of urate, use of uricosuric 
drugs) a substantial proportion of the excreted 
urate would include filtered urate which has es- 
caped reabsorption, 

Praetorius and Kirk (19) previously demon- 
strated tubular secretion of urate in a young man 
with striking hypouricemia but in good health. 
This represents a special case, however, since the 
clearance data disclosed a marked intrinsic de- 
ficiency in tubular reabsorption of urate, the hu- 
man equivalent of the Dalmatian coach hound. 

In the present study, tubular secretion of urate 
could be as readily demonstrated in gouty as in 
nongouty subjects, and no gross differences were 
disclosed. Although these data do not, of course, 
exclude the possibility of deficient tubular secre- 
tion of urate in gout, this is considered unlikely 
for reasons discussed elsewhere (8). The data do 
make clear, however, that the tubular reabsorption 
of urate in gouty or nongouty subjects cannot be 
estimated indirectly by clearance calculations 
which assume no tubular secretion of urate, hence 


comparisons on this basis are invalid (8). 


SUMMARY 


xcreted urate/filtered urate ratios > 1.0 were 
demonstrated by appropriate clearance techniques 
in gouty and nongouty man, implying tubular se- 
cretion of urate. The results support the hypothe- 
sis that the renal regulation of urate excretion in 
man involves glomerular filtration, tubular reab- 
sorption and tubular secretion. 
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INTRODUCTION 


The year 1959 marks the fiftieth anniversary of 
the American Society for Clinical Investigation 
and the thirty-fifth year of its publication, the 
Journal of Clinical Investigation. It appeared 
fitting to the Council of the Society that the his- 
tory of the Society and the Journal be recorded 
on the occasion of these anniversaries. 

The further decision to publish these histories 
as a supplement to the Journal of Clinical In- 
vestigation requires some justification. The vicis- 
situdes of an organization may be of interest to its 
members; but should nonmembers be expected 
to evince a comparable interest? Is it justifiable 
to publish a lengthy historical dissertation in a 
journal devoted entirely to scientific material ? 
We feel that these questions should be answered 
in the affirmative. The readers of this Journal are 
not total strangers. They constitute a small and 
select group of scientists whose interest in clini- 
cal investigation binds them into a community 


which has a strong common interest with the So- 


ciety and the Journal. Whether or not they are 
actual members of the organization, they par- 
ticipate in activities which the Journal and the 
Society were organized to encourage. During the 
years since their founding the Society and its 
publication have both molded and reflected the 
evolution of clinical investigation. The activities 
of all of our readers have been affected by the in- 
terests and influence of the Society. It there- 
fore appeared probable that most clinical investi- 
gators would be interested in the perspective of- 
fered by a review of the early days of clinical in- 
vestigation and by the part played by these organi- 
zations in the development of the present pattern 
of medical research. With these considerations 
in mind, the Council of the Society decided to 
underwrite the publication of these histories in the 
Journal of Clinical Investigation. 

The compilation of this supplement was time 


consuming and difficult. It had originally been 
hoped that one of the distinguished emeritus mem- 
bers of the Society would undertake to write its 
history, but the task proved too demanding and 
the several candidates gracefully declined. For- 
tunately, a member of the editorial secretarial staff 
of the Journal who had been trained as a writer 
and historian was willing to undertake the burden. 
Mrs. Ellen R. Brainard has therefore written the 
histories. She was greatly aided by many of our 
members and emeritus members. We are grateful 
to them for their help. In addition to those whose 
communications are acknowledged in the text, we 
are particularly indebted to Drs. Dana Atchley, 
C. Sidney Burwell, Allan M. Butler, Joseph M. 
Hayman, Elliott P. Joslin, Roger I. Lee, Robert 
F. Loeb, Thomas M. Rivers and W. Barry Wood, 
Jr., for personal reminiscences and unpublished 
material, and to Drs. Arthur Bloomfield, Saul J. 
Farber, John A. Luetscher, Jr., J. Howard Means, 
and John R. Paul, who reviewed the manuscripts 
and made many helpful suggestions. 
—Puitie K. Bonny 
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HISTORY OF 
INVESTIGATI 


By ELLEN R 


I, ORIGINS 


Beginnings on the Boardwalk 


Although the age of the American Society for 
Clinical Investigation is reckoned formally from 
the date of its first annual meeting—May 10, 1909 
—its story really begins two years earlier, in June, 
1907, when the idea for its formation was first 
suggested. 

The man behind the idea was Dr. Samuel J. 
Meltzer; the setting, the Boardwalk in Atlantic 
City, New Jersey. The story, recounted for So- 
ciety members by Dr. Warfield Longcope (1) is 
as follows: 


A few of you will remember the circumstances under 
which this Society originated and the modest manner in 
which it was launched for action. One afternoon, after 
a session of the Association of American Physicians ! 
here in Atlantic City, a little group of men stopped in 
their promenade on the Boardwalk to talk. Dr. Meltzer 
happened to join them and soon led the conversation to 
the topic of medical meetings. In his cheerful and en- 
thusiastic manner which we all know so well, he sug 
gested that a new society should be formed with a some- 
what different aim and a different membership from 
those already in existence. He felt very strongly that 
there should be an opportunity for the men, most of 
whe 1 were young, and actively engaged in clinical in- 
vestigation, to come together and discuss their work. 
Indeed, a requisite for admission to the Society was that 
a man should be actively engaged in investigation and a 
clinician. Thus this society, he hoped, would stand for 
investigation in internal medicine, as distinguished from 
those societies which represented investigation in the 
fundamental sciences. 


As nearly as we can discover, the group on the 
Boardwalk included, in addition to Drs. Longcope 


1 Actually, it was a session of the American Medical 
rather than of the Association of American 
although the latter was an understandable 
error made in retrospect by several of the early mem- 


Association 
Physicians, 


bers. The Society’s minutes state that informal dis- 
cussions were held at the time of the American Medical 
Association meeting in 1907. Furthermore, all personal 
accounts agree that these discussions took place in June, 
1907, in Atlantic City. The Association of American 
Physicians had met in May of that year in Washington, 
whereas the American Medical Association convened in 
Atlantic City June 4-7, 1907. 
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and Meltzer, Dr. David L. Edsall, Dr. Wilder 
Tileston and probably Dr. Joseph H. Pratt. 
Their recollections substantiate and augment Dr. 
Longcope’s story and help us to imagine what the 
gist of their conversation must have been. 

“The reason for the starting of the Society,” ac- 
cording to Dr. Tileston (2), “was that at the 
meetings of the Association of American Physi- 
cians (whose membership was limited at that time 
to 160), the younger men had few opportunities 
to present their papers, since many of them were 
not members.” 

Further illumination is provided by Dr. Edsall 
($):2 

[ have a very sketchy memory of what happened in 
any detail at the time of the formation of the American 
Society for Clinical Investigation. I remember chiefly 
meeting Dr. Meltzer on the board walk at Atlantic City 
when the matter first came up and his making the sug- 
gestion . . . of the formation of the Society in order to 
give younger men who were not yet members of, and not 
eligible for, the Association of Physicians the advantages 
of meeting other young men active in work of that kind 
and discussing matters with them, and the stimulus that 
would come from that. 

Dr. Meltzer’s suggestion apparently met with 
a ready response. That same evening he invited 
the group to his hotel room, most likely at the 
Traymore, to explore the idea more fully. Drs. 
Henry A. Christian and Rufus Cole may have 
been included at this meeting and, although there 
is no formal record of what went on, it is clear 
that the idea took hold. 
formation of a committee consisting of Drs. Chris- 
tian, Edsall, Pratt and Tileston, which met in 
3oston on June 17, 1907, at the University Club. 

At this meeting, the four men discussed the aims 
and scope of the proposed society and agreed to 
enlarge the committee by the inclusion of Drs. 
Cole, Longcope and Meltzer. Before the next 
meeting, Dr. J. A. Capps of Chicago and Dr. A. 
W. Hewlett, then of San Francisco, were added as 
well, bringing the total number on the founding 
committee to nine and extending its geographical 
distribution westward (the other seven were all 
from New York, Philadelphia, Baltimore or Bos- 


The outcome was the 


84 
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ton). Sometime, probably in the interim between 
this first meeting and the second, which took place 
that autumn, a list of men considered eligible for 
membership was drawn up and divided among 
the committee members. Each was responsible 
for checking the publications record of a group of 
nominees for the previous five years, this record 
to be used as a basis for selection. It was agreed 
that seven of the nine must approve each nomi- 
nee before an invitation to share in the society's 
organization would be extended to him. 

The committe, with the exception of Dr. Hew- 
lett, met again on November 7, 1907, at the Man- 
hattan Hotel in New York at the time of a meeting 
of the Interurban Clinical Club. It is probably 
this meeting of which Dr. Longcope (4) wrote: 


I remember ... that we all sat about a table some- 
where and discussed at considerable length a list of 
names from which the membership of this new society 
should be recruited. As I recall the discussion, these 
men were selected because it was thought they would 
be interested in the new endeavor and were sympathetic 
with the idea of forming a society whose main object was 
to discuss the problems in clinical investigation in which 
each and every one was engaged. 


The result of these deliberations was a list of 22 
men to whom an invitation to be present at the 
organizational meeting was sent.?, A committee of 
three—Drs. Christian, Longcope and Meltzer— 
was appointed to draft a constitution to be pre- 
sented at the charter meeting, set for the day prior 
to the 1908 meeting of the Association of American 
Physicians in Washington. It is likely, too, that 
the matter of a name for the nascent society was 
discussed at the November committee meeting. 
With regard to the somewhat cumbersome choice 
—‘‘American Society for the Advancement of 
Clinical Investigation’—Dr. G. Canby Robinson 
offers the following explanation : 


As I recall, the word “Investigation” was used instead 
of “Research” because there was another society com- 
posed of homeopaths known as the Society of Clinical 
Research (5). 


2 The list is included below in the account of the 


charter meeting. It was either expanded by the addition 
of three names prior to the organizational meeting or 
the list given in the minutes of the November committee 
meeting is incomplete, for the records of the charter 
meeting (May 11, 1908) contain the names of 25 
men (in addition to the nine committee members) who 
had been invited to be present. 
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Thus, by November—a scant four months after 
Dr. Meltzer had first proposed it—the idea had 
been given concrete form and the new society was 
almost a reality. It was formally constituted on 
May 11, 1908, at the New Willard Hotel in 
Washington. 

The charter meeting convened at 3:30 p.m. 
with 17 men present for Dr. Edsall’s call to order. 
Edsall was elected temporary chairman; Dr. 
Christian, temporary secretary. Consideration of 
the constitution was the first item on the agenda 
and it was agreed to read, discuss and vote on it 
article by article. Most of the amendments to 
the original draft involved only minor modifica- 
tions in wording. The minutes hint, however, 
at what must have been a lively discussion regard- 
ing a point in Article III, Section 1—‘Eligibility 
for Membership”—which read: “Any practicing 
physician residing in the United States or Canada 
who has accomplished a meritorious, original in- 
vestigation in the clinical or allied sciences of 
medicine . . . is eligible to membership.” Dr. 
T. C. Janeway’s inquiry as to what was to be the 
criterion for judging whether a man was a “prac- 
ticing physician” set off a discussion in which 
several of the members participated. Would a 
resident at the Johns Hopkins Hospital, for ex- 
ample, be considered a practicing physician, Dr. 
Janeway wanted to know. Unfortunately, the 
minutes do not elaborate the points raised in re- 
ply and, although it must have been an interesting 
debate, we do not know whether Dr. Janeway re- 
ceived a satisfactory answer to his question. In 
any case, no alteration in the section resulted. 

One change, which may have been significant, 
involved Article VII—‘Meetings’—which read, 
originally, “The Society shall hold one general 
meeting annually. This meeting shall take place 
in the spring on the date preceding and at the 
place of the annual meeting of the Association 
of American Physicians.” On Dr. Cole’s mo- 
tion it was voted to delete all but the first sen- 
tence, thereby leaving the time and place open 
to the discretion of the Council. Whether or not 
Dr. Cole’s 
fashion the new society so obviously in the foot- 


amendment reflected reluctance to 
steps of the old is, of course, not on record and, 
amendment or no amendment, the Society, in 
fact, met regularly in geographical and temporal 
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proximity to the Association. The remaining ar- 
ticles were approved with little debate, and the 
constitution as a whole was formally adopted by 
the Society. 

Following this action, the chair was empowered 
to appoint a three-man nominating committee 
which presented a single slate of candidates 
for office. Until the fourth annual meeting, 
apparently each 
an individual ballot for the slate. 
was abandoned in 1912 when it was moved that 
the secretary ballot for all 
nominees, a procedure which has been followed 


member of the Society cast 


This formality 
cast a unanimous 
ever since, though not without occasional criticism. 
The officers elected were as follows: Dr. Meltzer, 
president; Dr. Edsall, vice-president; Dr. Chris- 
tian, secretary ; Dr. John Howland, treasurer ; and 
Drs. Miller, Janeway and Hewlett, councillors for 
one, two and three years, respectively. 

Dr. Meltzer took the chair, and the remainder 
of the meeting was devoted to approval of the 
order of business for the first annual meeting, ap- 
pointment of a committee to draft by-laws to the 
constitution, approval of a Council recommenda- 
tion that dues for the forthcoming year be set 
at $5.00, and the nomination of 20 men for mem- 
bership. It is interesting to note that for the first 
few years all nominations were made at the meet- 
ings and were voted upon the following year. 
The minutes carefully record, along with the name 
of each nominee, the name of the members who 
The 


nominating procedure was altered by constitu- 


proposed and seconded his nomination. 


tional amendment in 1913; thereafter, nominations 
could be made in writing at any time during the 
year. 

Letters of invitation had been sent to 34 men, 
Of these, 
one had apparently declined ; 30 had accepted ; and 
three, two of them in Manila, had not been heard 


including the nine committee members. 


from at the time of the meeting. (Replies indicating 
acceptance were eventually received from the two 
gentlemen in the Philippines; the third apparently 
never answered or declined the invitation to join.) 
The final count of 32 physicians who indicated 
their desire to participate in the new society is 
presented in Table I. It was moved that these 


men be considered charter members, with the 


proviso that in order to be so considered, members 
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TABLE I 


Physicians accepting invitation to join the 
American Society for Clinical 
Investigation, 1908 


. K. Ashford 
>. R. Baldwin* 
W. J. Calvert* 

J. A. Capps* 

H. A. Christian*t 
R. Cole*t 

D. L. Edsall*t 
D. M. Cowie 
Cc 
H 
M 
N 
A 


United States Army 
Saranac Lake, N. Y. 
Columbia, Mo. 
Chicago, Ill. 
Boston, Mass. 
Baltimore, Md. 
Philadelphia, Pa. 
Ann Arbor, Mich. 
Baltimore, Md. 
New York, N. Y. 
San Francisco, Cal. 
New York, N. Y. 
Ann Arbor, Mich. 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
New York, N. Y. 
Boston, Mass. 
Philadelphia, Pa. 
Philadelphia, Pa. 
New York, N. Y. 
Chicago, IIl. 
Manila, P. I. 
Boston, Mass. 
Boston, Mass. 
Chicago, III. 
Philadelphia, Pa. 
Baltimore, Md. 


. P. Emerson 
. Emersont 
. Fischer* 
1. B. Fostert 
. W. Hewlett* 
. Howland*t 
R. Huntt 
. C. Janeway*t 
*. Libman*t 
E. A. Locke*t 
’. T. Longcope*+ 
. J. McCarthy 
S. J. Meltzer*t 
J. L. Miller* 
’. E. Musgrave 
. H. Prattt 
. Richardson* 
=. C. Rosenow 
. Sailer*f 
. E. Simon 


3. 


ma 


— — 
we es 


. D. Steelet 


. P. Strong 
’. Tileston*f 


Philadelphia, Pa. 
Manila, P. I. 
Boston, Mass. 


. B. Wallace New York, N. Y. 


* Present at 1908 charter meeting. 
+ Present at first annual meeting, 1909. 
t Dr. Steele died in 1908. 


who had not attended the organization meeting 
would be present for the first annual session the 
following year. Those who attended one or both 
of the two meetings, as noted in the minutes, are 
indicated in the table. 
these who are officially considered charter mem- 


Presumably it is only 


bers, although various lists contain discrepancies 
in this regard. 

With the adjournment of the meeting that even- 
ing, the American Society for the Advancement 
of Clinical Investigation was formally launched. 
Before continuing the story of its subsequent 
growth, it might be well to examine more fully 
the background of its origins, for the founding of 
the Society was closely related to the broader 
contemporaneous developments in 
In a very real sense, 


picture of 
American medical research. 
the Society grew up with investigative medicine 
in this country, and the “rebellion” of the Young 
Turks was a part of the spirit of the times. In 
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an attempt to understand that spirit, we shall look 
more closely at the men who laid the plans for 
the new organization and at both the immediate 
considerations and the far-reaching ideas which 
motivated them. 

Men and Their 


Young Turkmanship: Nine 


Motives 


Back in the days when the term could have 
been used with dignity and meaning, Dr. Meltzer 
was a true “organization man,” one who was 
firmly convinced of the value of learned societies 
for the stimulation of creative thought and activity. 
In 1903, he had been instrumental in the founding 
of the Society for Experimental Biology and 
Medicine, popularly called the “Meltzer Verein” ; 
in 1905, his enthusiastic support had urged the 
Harvey Society into existence (6). 
ported (7) to have overwhelmed the objections 


He is re- 


that such a society would never succeed in a city 
as lacking in scientific interests as New York by 
saying to the group of men assembled to discuss 
its possibility: “Never mind if no one comes ex- 
cept ourselves. We will wear our dress clothes, 
sit in the front row, and show the speaker that we 
appreciate him.” 

It must have been with the same ardent convic- 
tion that Dr. Meltzer inspired his companions on 
the Boardwalk with the idea of forming still an- 
other society, yet one which was not to be just 
another society. His views as to what it should 
represent were very positive ones and provided 
the foundations on which the young organization 
was built. Yet it is curious that Meltzer himself 
was not a member of the original four-man com- 
mittee which took the first steps in transforming 
In seeking the reason, another 


Dr. Tile- 
ston (2) offers the following explanation: 


idea into action. 
facet of his personality comes to light. 


Dr. Meltzer from the beginning decided to take no 
part in the organization of the Society but to leave that 
He was a modest man, and much 
older than the others, and he preferred to stay in the 
background. fact that he was 
not a member of the committee that met in 
1907, and did not attend that meeting. 


to the younger men. 


That accounts for the 


Boston in 


Dr. Meltzer was, in 1907, 56 years old and, in 
the words of Dr. Pratt (8), “took a fatherly in- 
terest in the young clinicians’—Longcope, then 
30 years of age; Christian, 31; Tileston, 32; Hew- 
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lett, 33; Capps, Cole and Pratt, 35; and Edsall, 38. 
These young men were a diversified group in 
terms of interests, educational background, and 
the subsequent patterns of their professional ca- 
reers. But all were representative of the type of 
man on whose shoulders Dr. Meltzer, addressing 
them as the Society’s first president, was to place 
the responsibility for upholding “the science of 
clinical investigation.” The concept of such a 
science was a radical one at the turn of the cen- 
tury. It was to become commonly accepted dur- 
ing the lifetime of the younger men. Changes be- 
ginning to be felt about 1900 were to make of 
medicine a strikingly different discipline from 
that which men of Dr. Meltzer’s generation had 
known, There could be no more fitting illustra- 
tion of some aspects of this changing picture than 
the professional career of Dr. Meltzer himself. 
Samuel J. Meltzer. Born in Courland, Russia, 
in 1851; went, at an early age to Konigsberg and 
thence to Berlin to study medicine under “the best 
faculty in Europe’—Virchow, Leyden, Frerichs 
and Kronecker; turned down a position at the 
University of Berlin to come to the United States ; 
made several trans-Atlantic trips as a ship’s doc- 
tor until, in 1883, he had acquired the means to 
establish an office of his own in Harlem; built a 
large and lucrative practice; carried out physio- 
logical and pharmacological experiments in what- 
ever spare hours he could find; in 1904, closed his 
offices to become head of the Department of 
Physiology and Pharmacology at the newly-es- 
tablished Rockefeller Institute for Medical Re- 
search; there, until his death in 1921, devoted 
himself to studies of major importance to medi- 
cine—the role of magnesium in the organism in 
health and disease; inhibition as a positive factor 


as opposed to excitability; anesthesia, especially 
intratrachial insufflation ; the effects of epinephrine 
(9). 


Dr. Meltzer was an extraordinary man: an 


avid reader of several languages; possessor of 
an extremely retentive memory ; above all, wholly 
dedicated to the science of medicine. 

Of his student days in Germany, we have the 
following rather amusing anecdote : 

While working in Kronecker’s laboratory, he (Melt- 
zer) studied the mechanism for swallowing, which in- 


volved passing into his own stomach a double barrelled 
stomach tube. At this time, a bill was pending in the 





1788 ELLEN R, 
Reichstag for the abolition of animal experimentation. 
It claimed that doctors carried out on animals what they 
feared to do on themselves. The Minister of Health, 
while himself making a tour of inspection, entered the 
laboratory while Meltzer was recording notes with this 
ungainly tube in his stomach. The inspector requested 
its removal, asked about Meltzer’s studies, and then used 
this episode for the defeat of the impending bill. He 
requested all members of the SPCA to submit them- 
selves for study to Dr. Meltzer. 
challenge (9). 


None accepted his 


After his sojourn in the German university 


clinics, Dr. Meltzer must have found the scientific 
atmosphere—or rather, the lack of it—in America 
rather stifling. During the post-Civil War dec- 
ades, research—medical and otherwise—received 
virtually no support from either government or 
commercial sources and very little from private 
The scientific studies of the French and 
German clinicians had made a slight 


subsidy. 
impression 
on the native medical outlook, at least among the 
upper echelons of the profession, but medicine re- 
mained, by and large, a practical art based on 
“tried and true” remedies. There were only three 
or four medical centers in the country where the 
sciences were systematically pursued. Isolated 
individuals with pitifully inadequate equipment 
carried out such experiments as they could find 
time for in the daily routine of practice. Dr. 
Meltzer’s experience was typical: 

After visiting his patients, he (Meltzer) would drive 
to the physiological laboratory of the College of Physi- 
cians and Surgeons, tie his horse to a lamp post, and 
perform some physiological experiment. Many experi- 
ments were also carried out in his own little house, often 
late at night (6). 


During the closing years of the century, how- 
The 


activities of men engaged in research, both here 


ever, a brighter future seemed imminent. 


and abroad, began to emerge from the phase of 
mere classification and description of disease and 
to show promise of results which would contribute 
to progress in the prevention and cure of human 
illness—a development 
importance if scientific medicine were to appeal 
to the practical-minded American public. At the 
following the Civil War 
had been characterized by spectacular accumula- 
tion and concentration 


which was of particular 


same time, the period 


of wealth and individual 
fortunes had risen to previously undreamed of 
heights. The possessors of such wealth, who 
previously had been inclined to patronize religion 
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or the arts, began to see in science something 
worthy of a second thought. 

In 1867, Johns Hopkins, a Baltimore merchant 
and financier, decided to use his sizable fortune 
for the endowment of a university and hospital 
and, when he died in 1873, he left $7 million to 
be divided equally between the two (10). This 
was the largest individual gift bestowed upon a 
public institution up to that time. It was Hopkins’ 
express command that the hospital should be of 
such high standards as to form, eventually, an 
integral part of the university medical school, a 
goal which was visionary indeed for a period in 
which most hospitals were conducted by local 
philanthropies or religious groups and most medi- 
cal schools were in reality private businesses lack- 
ing anything resembling university standards. The 
hospital was opened in 1889; the medical school, 
in 1893. Hopkins’ ideals were guided into reality 
by Daniel C. Gilman, first president of the uni- 
versity, and John Shaw Billings who planned and 
supervised the construction of the hospital and 
formulated principles for the development of a 
medical school which, with William Henry Welch 
as its first dean, was to become the exemplar for 
the vast improvements in American medical edu- 
cation which took place during the early decades 
of the twentieth century. 

After Hopkins, the principle of private subsidy 
for science began to gain favor. The story of the 
founding of the Rockefeller Institute is no doubt 
a familiar one. In 1901, the Board received from 
the Rockefellers $20,000 to be distributed as grants 
for medical research (11). The concept of pro- 
viding funds to assist individuals during the course 
of investigations was, at that time, an innovation 
in striking contrast to the more usual practice of 
rewarding researchers, if at all, at the termination 
of their work. By using private wealth to stimu- 
late the initiation of scientific studies, the Rocke- 
feller grants set a precedent later followed by 
other philanthropists, the American Medical As- 
sociation, private research councils and the federal 
government. The grants also served to gauge the 
country’s readiness for the establishment of a 
permanent institute for research. The response 
indicated the existence of sufficient interest and 
personnel for such a venture, and in 1903 the 
grant program was terminated and a permanently 


endowed research laboratory built in New York. 
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The following year, Dr. Meltzer, then 53 years 
old, joined the Institute’s staff and embarked on 
the final stage of his career. It was a turning 
point for American medical research as well for, 
while it is unlikely that all investigators suddenly 
found themselves in possession of well-equipped 
laboratories and unlimited funds, it is certainly 
true that up-and-coming young men were no 
longer beset by the kinds of difficulties which had 
thwarted the research ambitions of men of Dr. 
Meltzer’s generation. To them, instead, fell the 
tremendous challenge of putting their expanding 
opportunities to good use. This was to be no 
easy undertaking. It involved not only delving 
into the fundamental mysteries of health and dis- 
ease, but attacking such corollary problems as the 
conversion of the medical profession to the view 
that these mysteries needed to be explored and 
could best be solved by the use of scientific tech- 
niques. Mobilization of the profession required, 
in turn, a drastic upgrading of the standards and 
methods of medical education. Among the men, 
fittingly designated “Young Turks,” who dedi- 
cated themselves to these tasks there were: * 

Joseph Almarin Capps (1872- ) who was 
born in Illinois and, after coming East for his 
medical training (M.D., Harvard, 1895) and in- 
ternship (in several Boston hospitals), returned 
to his native Midwest in 1904 to become Assistant 
Professor of Medicine at Chicago’s Rush Medical 
College. Between i119 and 1926, he was Profes- 
sor of Medicine there and, in 1926, assumed the 
position of Professor of Clinical Medicine at the 
University of Chicago. He was also Chief of 
Medical Services at Cook County Hospital. His 
principal scientific studies dealt with morphology 
of the blood, respiratory infections such as epi- 
demic streptococcosis, physiology of the pleura, 
pain sense in the peritoneum and pericardium, and 
venous blood pressure. 

Henry Asbury Christian (1876-1951), a Vir- 
ginian who came North after receiving the M.D. 
degree from Johns Hopkins University in 1900 
and soon thereafter began to make medical history 
In addition to references not specifically cited in the 
text, the following sources have been used, particularly 
for information regarding dates and professional posi- 
tions, in compiling these biographies: History of the 
Interurban Clinical Club, 1905-1937 (12) and appropriate 
editions of Who’s Who in America and American Men 
of Science. 
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in the city of Boston. His first positions were 
those of Assistant Pathologist at the Boston City 
Hospital and Instructor in Pathology at Harvard 
Medical School. In 1906, by this time Instructor 
in the Theory and Practice of Physic, he es- 
tablished a laboratory of experimental medicine at 
Harvard. In 1908, at the age of 32, he became 
Hersey Professor of the Theory and Practice of 
Physic (a position he held until 1939) as well as 
“the boy dean” of the Harvard Medical School 
(1908-1912) which was at that time undergoing 
revitalization at the hands of University Presi- 
dent Charles W. Eliot. He and his colleague, 
Dr. Edsall, fathered the “Harvard full-time sys- 
tem’ in clinical teaching (13). In 1910, Dr. 
Christian was appointed Physician-in-Chief of 
the new Peter Bent Brigham Hospital (opened in 
1913) and was largely responsible for organiz- 
ing and developing it as an outstanding teaching 
hospital of Harvard University (10). There he 
instituted a system of student clinical clerkships 
(Dr. Edsall was simultaneously doing the same at 
the Massachusetts General Hospital), a system 
which had been imported from Great Britain and 
put into effect under Dr. William Osler at Johns 
Hopkins, but which was otherwise an innovation 
in American medicine (13). The system was de- 
signed to give fourth-year medical students real 
responsibilities in the care of patients as members 
of a hospital ward team and, as such, it added a 
significant dimension to their medical training. 
At the Peter Bent Brigham Hospital, in 1913, 
Dr. Christian introduced the first electrocardio- 


graph ever to be used in a general hospital in this 


active service as 


Three years later, 


country. He retired from 
Physician-in-Chief in 1939. 
he took on new duties as Clinical Professor of 
Medicine at Tufts Medical School and Visiting 
Physician to the Beth Israel Hospital of Boston. 
Dr. Christian’s published studies, on patho- 
logical and clinical subjects, dealt primarily with 
cardiovascular diseases, nephritis, diuretics and 
multiple myeloma. 
Rufus Cole (1872- 
gree from the University of Michigan in 1896 and 


) received the B.S. de- 
began his medical studies there. During one of 
his summer vacations, however, he visited the 
Chicago World’s Fair and saw there an exhibit 
of the newly organized Johns Hopkins Medical 


School (14). Deeply impressed, particularly by 
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the plans for the anatomical laboratory being de- 
veloped under Dr. Mall, he arranged to transfer 
to Hopkins for his final year of medical studies, a 
feat of considerable difficulty since the faculty of 
medicine had shown great reluctance to admit 
students who had not, from the beginning, been 
imbued with the approach to the study of medicine 
then being developed in Baltimore. 
his graduation in 1899, he held, until 1909, posi- 


Following 


tions at Hopkins ranging from Resident to Associ- 
ate in Medicine. During these years he partici- 
pated in important phases of Hopkins’ transition 
into a research-centered institution comparable to 
the great German universities. He was put in 
charge of the biological research laboratory es 
tablished in Dr. Lewellys F. Barker's clinic and 
there engaged in Hopkins’ first systematic clinical 
research (10). 

In 1908, Dr. Cole was offered the first director- 
ship of the new Hospital of the Rockefeller In- 
stitute for Medical Research, “new” not only in 
terms of facilities but in terms of the idea for 
After accepting the position, he 
spent several months abroad to acquaint himself 


which it stood.‘ 


with research activities in Europe, particularly 
those of the German university medical clinics. 
Although these were far in advance of anything 
in America, none completely embodied the vision 
which Dr. Cole the Rockefeller Institute’s 
Board of Scien‘ific Directors hoped to realize in 


and 


the Hospital (10). Thus, in formulating the plans 
for its construction and organization, Dr. Cole 
He devoted 
nearly 30 years, until his retirement in 1938, to 


worked largely without precedent. 


the development of this Hospital which itself be- 
came the prototype for medical research institu- 
tions all over the world. 
Cole continued his own scientific studies. 


During these years, Dr. 
His 
major interest was the field of infectious diseases 
and immunity, and his contributions, particularly 
with respect to lobar pneumonia, were outstand- 
ing ones. 

David Linn Edsall (1869-1945) was among 
the young physicians who, about the turn of the 
century, experienced first-hand the contrast be- 
tween the European and American medical re- 
search climates and who, upon returning from 
their studies abroad, began to do something 


#Dr. Cole’s work both at Johns Hopkins and at the 
Rockefeller Hospital is discussed in greater detail below. 
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about the medical backwardness of their 
country. Edsall was graduated from the Uni- 
versity of Pennsylvania with the degree of M.D. 
in 1893 and, following his internship, pursued his 
studies (in 1894-95 and in 1901) in London, 
Vienna, and Graz. Between 1895 and 1910, he 
held various positions at the University of Penn- 


own 


sylvania including those of Associate at the Wil- 
liam Pepper Laboratory, Assistant Professor in 
Medicine, and Professor of Pharmacology and 
Therapeutics. During this period, he developed 
an interest in the medical problems of industry, 
contributing studies on the prevention of indus- 
trial disorders which evidenced his awareness of 
environment as an important factor in deter- 
This 


early interest in social aspects of medicine was 


mining the complete clinical picture (15). 


carried over later in his career when in 1922 he 
became Dean of the Faculty of the Harvard School 
of Public Health. 

His contributions to medical education were of 
particular significance. Although he spent only a 
single year at Washington University in St. 
Louis (as Professor of Preventive Medicine in 
1911-12), many of his ideas were influential in the 
reorganization of that university’s medical school 
which was taking place at that time (10). In 
1912, he was appointed Jackson Professor of 
Medicine at Harvard and Chief of Medical Serv- 
ices at the Massachusetts General Hospital (the 
first non-Bostonian, incidentally, ever to hold 
these positions simultaneously). Thereafter, he 
worked with Dr. Christian in bringing the full- 
time system into being at Harvard, first, by picking 
a group of interns from Massachusetts General 
Hospital and preparing them for his full-time staff 
by sending them abroad or to research laboratories 
in this country for experience in the methods of 
investigation; then, by transforming administra- . 
tive offices into research laboratories, raising funds 
for equipment and salaries and, finally, putting 
his teaching staff to work on various lines of 
clinical investigation (13). 

In 1918, he was appointed Dean of the Harvard 
Faculty of Medicine (until 1923, he held this posi- 
tion simultaneously with his professorship) and, 
in 1922, Dean of the Faculty of the School of 
Public Health, posts at which he remained until 
His own major field of 
investigation was concerned with metabolic dis- 


his retirement in 1935. 


turbances. 
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Albion Walter Hewlett (1874-1925) was a 
native Californian who came East as a member of 
the fourth class to enter the Johns Hopkins Medi- 
cal School from which he was graduated with the 
M.D. degree in 1900. He returned to San Fran- 
cisco for two years as Assistant Professor of Med- 
icine at Cooper Medical College (1906-08), then 
became Professor of Internal Medicine at the 
University of Michigan (1908-16) and returned 
once again to the West Coast to become Professor 
of Medicine at Stanford University until his death 
in 1925. His scientific studies dealt with irregu- 
larities of the heart, the blood flow in the arm, 
and other subjects in the field of pathological 
physiology. 

Warfield Theobald Longcope (1877-1953) 
exemplified the type of teacher of medicine who 
was to come into increasing prominence during 
the first decades of the Society’s existence—the 
teacher whose primary interest was research 
rather than practice. Except for part of one 
year when he entered practice in New York City, 
Dr. Longcope devoted himself to teaching and 
investigation and limited his direct contact with 
patients to that connected with his responsibilities 
in university-affiliated clinics (10). He was a 
modest, unassuming man who, in his teaching, 
took a deep interest in his junior associates and 
communicated to many of them not only his great 
wealth of knowledge about disease but his en- 
thusiasm for the study of medicine (16). 

Longcope was graduated from Johns Hopkins 
with the M.D. degree in 1901 and, as Resident 
Pathologist (1901-03) and Director of the Ayer 
Clinical Laboratory (1904-1910) at the Pennsyl- 
vania Hospital, he pursued the studies in bac- 
teriology and pathology which had caught his in- 
terest during his student days. There he began 
the investigation of antigen-antibody mechanisms 
which were of abiding interest to him throughout 
his career (16). In 1911, he left his position as 
Assistant Professor of Applied Medicine at the 
University of Pennsylvania for an associate pro- 
fessorship in Columbia University’s department of 
medicine. In 1914, he succeeded his chief, Dr. 
Theodore C. Janeway, as Bard Professor of Medi- 
cine and Director of Medical Service at the Pres- 
byterian Hospital. He held both posts until 1921. 
In mid-1922, he became Professor of Medicine and 
Physician-in-Chief at Johns Hopkins and there 
undertook a series of important investigations on 
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hemorrhagic nephritis. During the Second World 
War, despite his 65 years of age and the additional 
teaching burdens which devolved upon him in the 
wartime absence of many of the younger staff 
members, he managed to supervise and participate 
in a series of studies on the effect of British Anti- 
Lewisite (16). 

That Dr. Longcope was a life-long student of 
medicine is in part attested to by the fact that 
throughout his career he maintained up-to-date 
files on his “favorite” diseases—syphilitic aortitis, 
infectious mononucleosis, Hodgkin's disease, se- 
rum disease, hemorrhagic nephritis, virus pneu- 
monia, and sarcoidosis—which contained reprints, 
case notes, miscellaneous clippings, photographs 
and personal observations. To these files he con- 
tinued to add right up to the last weeks of his 
life (16). 

Joseph Hersey Pratt (1872-1956), another 
Hopkins graduate in medicine (1898), also had 
opportunities to pursue his studies in the German 
universities, working under Krehl in 1902 at 
Tubingen and in 1908 at Heidelberg. Meanwhile, 
following his graduation from Hopkins, he began 
his professional career in Boston. His first posi- 
tions were residencies in pathology at several of 
that city’s hospitals; Instructor in Pathology at 
the Harvard Medical School; and, later, Assistant 
(1902-09) and Instructor (1909-17) in Medicine 
at Harvard and Visiting Physician to the Out- 
-atient Department at Massachusetts General 
Hospital (1903-13). 

During this period, he became interested in tu- 
berculosis. Finding it difficult to meet each of his 
clinic patients individually, he organized, in 1905, 
weekly classes for group instruction in the treat- 
ment of tuberculosis with such sidelights as prizes 
for those who had accumulated the most hours 
out-of-doors or gained the most weight (17). 
The innovation proved to be both popular and ef- 
fective and 25 years later, as Physician-in-Chief 
at the Boston Dispensary (1927-31), Dr. Pratt 
extended the ideas inherent in these classes to 
the area of group therapy for emotionally disturbed 
patients. His “Thought Control Classes,” designed 
to provide mutual encouragement and stimulation 
to such patients, were pioneer ventures in the 
field of group psychotherapy (17). 

In 1929, Dr. Pratt became Professor of Clinical 
Medicine at Tufts Medical School and two years 
later, Physician-in-Chief of the New England 
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Medical Center which was created through the 
affiliation of the Boston Dispensary, Tufts Medi- 
cal School, and the Floating Hospital for Children. 
Another of his outstanding accomplishments in- 
volved the dissemination of medical knowledge 
and the promotion of better medical care among 
New England practitioners (17). In 1930, he 


spent several weeks caring for a wealthy gentle- 
men named William Bingham, 2nd, who there- 
after provided the financial backing for a program 
organized by Dr. Pratt and designed, in particu- 
lar, to assist local physicians in the diagnosis of 
puzzling cases before referring them back for 


treatment. In 1937, on Dr. Pratt’s sixty-fifth 
birthday, the cornerstone of the Diagnostic Hos- 
pital which bears his name was laid. Later, a 
surgical unit, a medical research laboratory and 
other buildings were added, all through the gen- 
erosity of the “Bingham Associates.” In the 
meantime, Dr. Pratt organized a program whereby 
family doctors were invited to spend a period of 
time in Boston observing and participating in the 
work of the Medical Center, and another in which 
able medical students were encouraged to spend 
a kind of “apprenticeship” as assistants to local 
physicians (17). These well 
the “Thought Control Classes,” 
in effective use and are today a testimonial to Dr. 


programs, as as 


have continued 


Pratt’s remarkable leadership and teaching abili- 
ties. 

Wilder Tileston (1875 ) did both 
graduate and undergraduate work at Harvard, 
receiving the M.D. degree in 1899. He served 
his internship at the Massachusetts General Hos- 


his 


pital and then held teaching positions at Harvard 
in Clinical Chemistry, Clinical Medicine, and 
Pathology until 1909. In that year, he went to 
New Haven to become Assistant Professor of 
Medicine at the Yale University Medical School, 
a position which he held until 1919 when he was 
advanced to the post of Professor of Clinical Medi- 
cine (1919-20). Subsequently he became Clini- 
cal Professor of Medicine. During these years he 
also held positions in several hospitals in New 
Haven and nearby towns. 

These, then, are the mine men who directed 
the Society’s debut. We have already gained 
some insight into the nature of the concerns which 
might have prompted them to take part in the 
new venture, but there is undoubtedly more to be 
their motivation. Why, we 


discovered about 
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may legitimately wonder, did they agree that a 
new society was needed? What were the slightly 
“different aims” and “different membership” they 
What was the nature of their ap- 
“al- 


envisioned ? 
parent dissatisfaction with those societies 
ready in existence’’ ? 

It is evident from many of the recollections in- 
cluded in the preceding section that a major 
stimulus to the Society’s birth was the fact that 
the well-established Association of American 
Physicians could not accommodate the rapidly 
increasing number of young men eagerly await- 
ing an opportunity to present their work before 
that much-respected body of elders. These young 
physicians no doubt attended the AAP meetings 
just as today much larger crowds flock to Atlantic 
City to listen to the scientific sessions of the As- 
sociation, the Society, and the still younger Ameri- 
can Federation for Clinical Research. Although 
the records of the Association do not attest to the 
fact, it is quite probable that the impetus for the 
formation of the Society came, at least informally, 
from within the AAP itself. Of the nine member 
committee which laid the plans for the Society’s 
charter meeting, five—Drs. Capps, Christian, Ed- 
sall, Meltzer and Pratt—were at the time mem- 


While 


there was never any formal affiliation between the 


bers or associate members of the AAP. 


two societies, the founding of the Young Turks 
certainly had the dual effect of alleviating pres- 
sure for expansion on the Association and of pro- 
viding a forum for its youthful disciples. 

The Association's membership, in 1908, com- 
prised largely the outstanding consulting intern- 
ists of the day, most of them part-time professors 
as well as practitioners. A few men representing 
the basic sciences had been included to enable the 
physicians to keep abreast of developments in re- 
lated fields. All were distinguished, top-ranking 
men. 

Were they, perhaps, too distinguished? This 
is a view expressed by some Society members in 
accounting for the “revolt” of the Young Turks. 
The Association, they contend, had become a 
‘very conservative and somewhat dull society, 
unaware of the tremendous advances being made 
Its members were somewhat ‘“‘set 


‘ 


in medicine.” 
in their ways’—eminent men without a doubt, but 
“not very scientific.” The new society was formed 
as a “protest” against these distinguished “stiff 


shirts.” It consisted of “rebels and roughnecks” 
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who wanted a meeting wherein they could “get 
up and report real experimental results, not 
case histories.” 

These judgments represent a rather extreme 
point of view, and it should be noted that they 
constitute a hand-me-down version of the story.° 
Although it undoubtedly contains elements of 
truth, the degree of disesteem for their elders im- 
puted to the first-generation Young Turks has 
probably been considerably exaggerated with the 
passage of time. Dr. J. Howard Means, the As- 
sociation’s official historian, does not believe that 
that organization’s programs could legitimately 
be called “too stuffy and stale” during the years 
immediately preceding the Society's formation. 
Although the titles were generally broad enough 
so that any member was qualified to discuss any 
paper and the programs usually very clinical, Dr. 
Means points also to the fact that the older physi- 
cians were eager to keep in touch with the allied 
sciences and to maintain an up-to-date point of 
view. 

The proper balance is probably struck by Dr. 
Cole (18) in the following account : 


I was much interested in the AAP to which I was 
elected when I was very young, and I had attended the 
meetings in Washington when I was still a student and 
intern in Baltimore. . . . I know that some of the mem- 
bers, especially Dr. Meltzer and some of the younger 
members, felt that the papers were not scientific enough, 
and some of the older members complained that they were 
too technical... . The limited membership of the As- 
sociation made it impossible to elect all the younger 
men who manifestly deserved to belong. But I cannot 
recall that there were any acrimonious feelings or any 
spirit of rivalry exhibited. 

The testimony of other charter members (2, 
19) bears out the fact that the “insurrection” of 
the Young Turks was entirely good-natured. 
The new Society was formed not so much in pro- 
test against the old as in response to the needs of 
a younger generation which was beginning to use 
methods unfamiliar to its elders. Although the 
Society’s organization, its structure, even the 
wording of its constitution reveal a hereditary 
relationship with the Association, the new organi- 
zation at the outset exhibited distinct tendencies 


5 The foregoing paragraph is a composite of statements 
made by several men who were elected to membership 
in the Society in the mid-1920’s and whose information 


was based on what they had been told by older 


colleagues. 
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to depart from the ways of its parent. The follow- 
ing excerpt from a letter written by Dr. G. Canby 
Robinson (5), who was elected to the Society in 
1911, suggests the difference in emphasis and out- 
look which was to mark the younger group: 

The idea of the Society was to bring together the men 
in the various clinics which were just being organized on 
a university basis and who were beginning to develop 
systematic research. It was a young crowd and was to 
be confined to the men who were active in clinical in- 
vestigation rather than men who had become eminent in 
medical practice and teaching. The original idea was, 
I think, to have a one-day session of the acutal investiga- 
tors the day before the AAP met, a plan that has been 
carried on to the present time. 

Thus, in part, the difference was simply one of 
age—the Society was to provide a forum for young 
men whose time was still primarily devoted to re- 
search, whose energies had not yet been diverted 
into practice and teaching. In addition, however, 
Dr. Robinson notes that many of these young 
men were associated with the newly organized 
university clinics, As such, they were at the fore- 
front of a far-reaching reform movement in medi- 
cine, a movement involving what Dr. Robinson 
(10) has characterized as “the intrusion of science 
into clinical medicine.” 

Significant components of this new outlook 
were the beliefs that clinical medicine was a sci- 
ence in its own right, that the investigation of dis- 
ease was the legitimate concern of the clinician, 
and that the work of clinic and laboratory—of 
physician and basic scientist—ought to be more 
closely integrated and, in fact, combined in the 
person of an essentially new type of medical 
Such 
had a number of important implications. 


beliefs 
The 


cultivation of a “research atmosphere” in medi- 


worker, the clinical investigator. 


cal schools and hospitals necessitated first, pro- 
fessors of medicine able to devote full time to re- 
search and teaching without the distraction of an 
extensive private practice; second, students and 
staff members trained in the methods and imbued 
with the spirit of science; and third, adequate 
laboratory facilities available to clinicians for the 
systematic study of clinical problems. 

The realization of such conditions became the 
rallying cry of the new Society, but the reforms 
envisioned by its members were not to be in- 
stituted without a struggle. 
crusading spirit, the youthful Society members 
were very early designated “Young Turks” after 


As partakers of the 
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the ‘real’ Young Turks who in 1908 startled the 
world with a revolt against Sultan Abdul Hamid 
II, deposed him the following year and, with na- 
tionalistic fervor, set about to establish a consti- 
tutional regime and institute sweeping reforms in 
the decrepit Ottoman Empire (20). 
in 1908 headlined the visionary, albeit impractica- 
“young men in a hurry” as 


Newspapers 


ble, tactics of these 
they were called, and someone drew the parallel 
between the their 
counterparts in American medical circles. 

The concepts for which the Young Turks stood 
In academic 


Turkish revolutionaries and 


were not widely accepted in 1908. 
medical circles there existed a definite schism be- 
tween the basic scientist and the clinician (21). 
The divergence between the two and the direction 
of change which was to heal the rift, is illuminated 
in the following passage by Dr. Means (13), in 
which he describes the situation at Harvard Uni- 
versity where he began his own medical training 
in 1907: 

The transition from the preclinical to the clinical years 
(third and fourth) in medical school involved almost as 
great a change in direction as that from college to pro- 
fessional school. The teachers of the first- and second- 
year subjects and those of the third- and fourth-year sub- 
jects constituted two distinct groups with quite different 
viewpoints, and there was limited communication between 
them. The clinicians brushed off the preclinical sci- 
entists as mere laboratory men who knew but little of 
medicine, and the scientists looked upon the practice of 
medicine as largely unscientific guesswork. The whole 
manner of life of these two groups was different. The 
preclinical scientists were in the mold of college teachers 
on campus. They were full-time salaried people. There 
were no full-time clinical teachers in those days 
Small token honoraria were 


or sala- 
ries either, for that matter. 
given by the university but nothing by the teaching hos- 
pitals. These men taught and attended hospital patients 
for love or kudos, or a mixture of the two, and made 
their livelihoods in Any 
unanimity in a faculty so constituted I am sure was hard 


private practice. degree of 


to come by. This gap was... later to be closed by 
the development of the “middle estate” in 
namely the full-time academic, salaried clinician 


medicine— 


The development of this “middle estate” in 
medicine, which was to take place largely during 
the first decades of the Society’s existence and to 


be an important part of the lives of many of its 


members, called for a new type of clinical teacher 
—one who was research-oriented rather than prac- 
tice-oriented (10). Essentially, the difference 
between the two was the difference between the 
German and British schools of medical teaching. 
At the time the Society was founded, the predomi- 
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nating medical influence in America was British 
as represented, for example, by Dr. William Os- 
ler, Professor of Medicine at Johns Hopkins Uni- 
versity until 1905. It was to the British school, 
too, that the majority of the established “elders” 
of the American Association of Physicians, who 
combined teaching with practice, belonged. Many 
of the members of the younger generation, how- 
ever, were strongly influenced by the medical 
traditions of Germany. Some of them had been 
fortunate enough to study at the university clinics 
of that country where medicine enjoyed a status 
equal to that of the other sciences, where its teach- 
ers devoted most of their time to instruction and 
investigation, and where research flourished. It 
was in this direction that the reformers of Ameri- 
can medical education hoped to move and it was 
this tradition, with its emphasis on research in 
academic clinical medicine, which counted as a 
the founding of 
influence is par- 
as Dr. Meltzer, 


significant motivating factor in 
the Society (22). The German 
ticularly apparent in such men 
Dr. Cole and Dr. Lewellys F. Barker who was 
elected to the Society in 1914 and who, in 1905, 
had succeeded Osler as Professor of Medicine at 
Hopkins. The difference between the older tradi- 
tion in clinical teaching and the German-influenced 
ideas which were beginning to challenge it can 
perhaps be most clearly illustrated by a brief com- 
parison of the Hopkins department of medicine 
under Osler and under Barker (10, 14, 22). 
Osler was first and foremost an eminent physi- 
cian and this fact was reflected in his conception 
of the aims of medical education and the role of 
the professor of medicine. Major emphasis was 
placed on imparting to students the techniques 
and skills necessary for observing and interpreting 
the manifestations of disease in patients; little on 
the investigation of underlying disease precesses. 
As Dr. Arthur Bloomfield (22 put it: 
“Osler, I have been told, felt strongly that those 


has 


things which are Caesar's should be rendered unto 
Caesar. In other words, laboratory work should 
be done in the pathological and physiological 
laboratories and not in the medical clinics by 
clinicians.” Dr. Cole, who completed his medical 
training at Hopkins in 1899 and served under both 
Osler and Barker as Resident Physician, has de- 
scribed this attitude further (14) : 

(U)nder Dr. Osler the opportunities for careful 


observation were never better and the importance of 
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careful study of the more superficial aspects of disease 
never more insisted upon. But there existed in the clinic 
no great incentive to learn more about the fundamental 
nature of disease, and facilities for making the neces- 
sary investigation were lacking. The belief was general 
that medicine was basically different from biology or 
chemistry or anatomy and could only be studied by dif- 
ferent methods. From time to time doubts about this 
point of view were expressed, but chiefly by workers 
in the underlying sciences and they usually held the 
opinion that the real investigations must be carried out 
by workers in their laboratories, since clinicians neither 
had the necessary time nor did they have the adequate 
training for these more complicated researches. 


Dr. Barker, on the other hand, held that a pri- 
mary function of the university department of 
medicine should be the encouragement of research 
and, accordingly, that the professor of medicine 
should be freed from the burdens of a private 
practice and allowed to devote his time to his 
own investigations and those of his staff (10). 
Although Barker’s request that he be permitted 
to accept the professorship on a full-time basis was 
denied, he took important steps in the direction of 
organizing the department along research-centered 
Shortly after coming to Hopkins, he estab- 
lished laboratories in his clinic for investigation in 
the fields of biology, chemistry and physiology 
and added to his staff clinicians with training in 


lines. 


these areas. These clinical research laboratories 
differed radically, both in scope and in purpose, 
from the usual hospital laboratory which existed 
primarily for diagnostic and teaching purposes 
and for such routine work as the analysis of bloods 
and urines (10, 22). The new laboratories were 
designed to provide the clinician with the op- 
portunity and the facilities for more fundamental 
study of the problems which confronted him on 
the wards. Dr. Cole was put in charge of de- 
veloping the first of these research laboratories, 
that devoted to biological studies, and in it he be- 
gan immediately to carry out investigations of ty- 
phoid fever which not only contributed signifi- 
cantly to an understanding of the nature of that 
disease (10), but which stood as indisputable evi- 
dence to the thesis that the scientific experimental 
method could successfully be applied by clinicians 
When, in 1908, 


Dr. Cole was asked to become the first Director 


to the study of clinical problems. 


of the Hospital of the Rockefeller Institute, he ac- 
quired a unique opportunity to give concrete ex- 


pression to this point of view. In formulating 


plans for the new Hospital, he was insistent on the 
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importance of building the wards in close prox- 
imity to the Institute laboratories and of including 
on his staff men who could bring their knowledge 
of the basic sciences to bear on clinical problems. 
His views on this subject, in striking contrast to 
those of Osler, are summarized by Dr. Robinson 


(10) as follows: 


It was his (Cole’s) opinion that the physical and in- 
tellectual barrier between the laboratory and wards then 
existing in many hospitals had seriously delayed the 
advancement of medicine in this country; he urged that 
the hospital be developed as a true research laboratory 
and expressed the fullest sympathy with the closest pos- 
the institute 
relationship represented 
for the development of 


between laboratories and 


This 


conditions 


connection 
the hospital. 

favorable 
medicine as a science. 


sible 
new and 


clinical 


Closely related to this new conception of clini- 
cal medicine was the question of the type of train- 
ing appropriate to the aspiring clinical scientist, a 
point on which Dr. Meltzer had particularly strong 
convictions. It was his belief that training in one 
of the allied sciences of medicine, with extensive 
work in the laboratory, was as essential to the de- 
velopment of a top-notch clinician as was his 
That he differed from the 
majority of his contemporaries in this respect is 
brought out by Dr. Pratt (8) : 


training on the wards. 


Many of the older clinicians seemed to think it was a 
foolish thing for a young man who expected to become a 
clinician to engage in physiological or chemical studies in 
the laboratory, whether the observations were on pa- 
Dr. Meltzer thought it very im- 
portant to encourage and assist young clinicians who 
were carrying on investigative work, especially in the 
laboratory, during their early years. 


tients or on animals. 


Dr. Meltzer was to stress this belief, and the 
broader attitude of which it was a part, when he 
addressed the Society as its first president. In his 
talk, entitled “The Science of Clinical Medicine : 
What it Ought To Be and the Men To Uphold It” 
(23), he directed attention to the shortcomings of 
investigative medicine in this country, outlined a 
vigorous campaign for its betterment, and ex- 
horted his listeners to dedicate themselves to the 
struggle which lay ahead. The influence of the 
German tradition on the Society’s ideals is clearly 
apparent in his statement. There could be no 
more appropriate summary of the considerations 
which gave rise to the Society’s birth and the 
concerns that were to shape its future than the 
Dr. 
Meltzer’s address is herewith reprinted in full. 


words of its founder and first president. 
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THE SCIENCE OF CLINICAL MEDICINE 
WHAT IT OUGHT TO BE AND THE MEN TO UPHOLD I1 


By SAMUEL J. MELTZER 


The honor of the presidency of a society goes with the privilege of discussing some 
of the aims of that society. Such a privilege becomes a duty on the occasion of its 
first birthday. We have to show the specificity of our objects to justify the addition 
of a new medical society to the many already in existence. As your first president 
and as one of the instigators of the movement which led to the formation of this 
association permit me to discuss some of the problems to the solution of which this 
association wishes and hopes to contribute. 


CLINICAL MEDICINE AS A SCIENCE 


In the first place, I wish to discuss the problem of clinical medicine as a science. 
In years gone by, medicine was a unit and its leaders tried to master all its aspects. 
With the development of scientific methods and the growth of knowledge a process 
of differentiation took place. Heavy branches grew out of the stem of medicine, 
broke off and obtained an independent existence. Anatomy with all its dependencies 
broke away early, then followed physiology, pathologic anatomy, pharmacology and 
physiologic chemistry. Bacteriology tore off the branches of etiology and estab- 
lished itself as an independent growth. All these offsprings of medicine are now 
well established as pure sciences; they still closely affiliate with the mother-stem 
and are often designated as the sciences of medicine. That what is left of the old 
stem is clinical medicine. What is the character of this residuum? It is generally 
designated as the practice of medicine. I am not aware that any one has had the 
courage to call it a pure science. Those who do not like to call it an art say that it 
is an applied science. According to this view, the relation of clinical medicine to 
the sciences of medicine is that of technology to science in general. I am afraid 
that this conception of clinical medicine is widespread among those who are in the 
practice as well as among those who are in the sciences of medicine. 

However this may be, I feel sure that such a view is logically erroneous and prac- 
tically harmful. I wish to plead for an extension of the process of differentiation 
also to clinical medicine. I am of the opinion that clinical medicine as it exists 
now is made up of two constituents: one part has all the elements of a pure science 
and ought to be coordinate to the other pure sciences of medicine, and the other part 
is the real practice of medicine, an applied science which has many elements of an 
art. At present both parts are so closely interwoven that they present the appear- 
ance of a natural unit the splitting of which into two parts might appear to some as 
an impossible and undesirable process. I shall call to mind, however, that medicine 
made the same impression of an indivisible unit in the days when pathologic anatomy, 


physiology, etc., were inseparable constituents. To-day nobody doubts the necessity 
of an independent existence for the last-named constituents of former medicine. A 
considerable degree of separation of the science of clinical medicine from its practice 
is more desirable than even the separation of the coordinate sciences, because the re- 


quirements of sciences and practice are in a certain sense mutually antagonistic to 
one another and the simultaneous cultivation of both branches with equal attention 
is detrimental to the progress of either of them. 

There is a fundamental difference between science and its correlated practice in 
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any sphere of human activity. Science wishes to attain truthful knowledge of the 
subject it investigates. It attains this end in the safest way when it is least side- 
tracked by any extraneous motives. The motive of utility obscures its vision, and 
haste retards its progress. Practice, on the other hand, avails itself of acquired 
knowledge for the purpose of attaining a certain useful end. The more reliable that 
knowledge is which it has to employ, the more safely will it attain that end. But 
the use of any part of that knowledge which is indifferent to the attainment of the 
useful end hampers the practical progress. In other words, practice gains its ends 
best the purer the quality and the smaller the quantity of the science which it has to 
use. Permit me to say that my advocacy of the separation of a clinical science from 
its practice is not actuated by any disregard for the practice of medicine. On the 
contrary, I entertain now and have always entertained a strong conviction that the 
efficiency of practice should be the supreme object in medicine. At the same time 
I feel sure that the efficiency of that practice will be best attained when the search 
for the knowledge which the practice has to use should be carried on in the same 
manner and by the same methods as are employed in the search for knowledge in 
other branches of intellectual activity. In other words, clinical research should be 
raised to a department of a clinical science and be theoretically and practically sepa- 
rated to a considerable degree from the mere practical interests, that is, separated so 
far as the various and variable conditions permit. It will be the practice not less 
than the science of medicine which will benefit by such a separation. 

Now let us see what the domain of clinical medicine is and whether it contains 
problems which can be treated by the methods employed in pure science. The sci- 
ences of normal anatomy and physiology teach us the structures and functions of 
the normal body; pathologic anatomy tells us of the anatomic changes found in a 
body dead from one disease or another. To clinical medicine is left the study of 
the phenomena and their sequence as they occur in a living body during the entire 
course of a disease. It has to interpret these phenomena by known physiologic 
laws, to identify them with similar phenomena experimentally produced in animals 
and it has to correlate the phenomena observed in the course of a certain disease 
during life with the anatomic changes found at the postmortem examinations in 
case the disease has a fatal termination. It is also one of the tasks of clinical medi- 
cine to study the influence on the onset and course of phenomena of diseases which 
certain means and remedies may exert whose physiologic actions are well established. 
In other words, the domain of clinical research comprises the study of the natural 
history of diseases, their physiology and their pharmacology. Can there be any 
doubt that these studies constitute legitimate objects of a pure science? Objections 
may be raised, and will be raised in certain quarters, against the admission of the 
clinical science to the sacred inner circle of pure sciences on account of the impos- 
sibility in clinical medicine to verify the conclusions by the experimental methods. 
Assuming that this is an unassailable fact, what of it?) Are the problems of biology, 
a science which enjoys an unassailable position in the councils of pure sciences, all 
or many of them provable by experiment? Or are the sciences of paleontology 


or geology amenable to an experimental proof? Yet nobody questions the scientific 


right of these branches of human knowledge. Furthermore, admitting that clinical 
research must necessarily remain less precise and its results less convincing than 
that, for instance, of physiology. But, then, physiology itself is again a great deal 
less precise than physics and chemistry and is certainly less irrefutable than anatomy. 
Does this throw a doubt on the claim of physiology to be a pure science? 
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As to the impossibility of verifying certain conclusions regarding human diseases 
by human experimentation, there is still this much to say. Each disease is an ex- 
periment which Nature makes on the organism. The very large number and the 
great variations of these experiments of Nature offer favorable opportunities for 
testing the theories made regarding the nature of these spontaneous experiments. 
Furthermore, clinical research should, indeed, be coupled with animal experimenta- 
tion; any new point of view gained by observation in clinical medicine which cannot 
be verified on human beings should be tested by experiments on animals. By such 
a procedure not only clinical medicine, but also physiology may learn a good deal, 
for which the following facts from the recent history of medicine are classical il- 
lustrations. The recognition of myxedema as a special type of disease led to the 
understanding of the function of the thyroid glands, and the observation of the co- 
incidence of pathologic processes of the pancreas with diabetes led to the discovery 
by clinical investigators of the glycolytic function of the pancreas. Finally, it 
should be borne in mind that there are lines of experimentation which may be car- 
ried out even on the sick human being without any detriment to him and which can 
be conducted with profit only by trained scientific observers, for instance some stud- 
ies in pharmacology or in metabolism. 

Among the tasks of clinical medicine there is one which is on the borderland be- 
tween the science and practice of medicine, being perhaps of greater importance to 
the latter than to the former. It is the search for simple or complicated means by 
which established units of diseases may be recognized safely and perhaps also easily. 
In one word, it is diagnosis. Since this activity is not carried on with a purpose 
of adding knowledge, it would appear that it belongs rather to the department of the 
practice of medicine. Such facts can be established only by means of careful critical 
observations and it will be more to the purpose when at least the development of the 
principles of diagnosis should remain in the hands trained in careful methods of 
research. 

After showing that there is a definite field for a science of clinical medicine the 
next question is who should be the men to carry on the research in this field, what 
should be their qualifications? In the first place, they must have a training fitting 
them to carry out investigations in conformity with the requirements existing in all 
pure sciences. They must not only be informed and trained in the other sciences of 
medicine, but must have carried on various investigations in one or more of these 
pure sciences, so as to become familiar with careful scientific methods and imbued 
with a scientific spirit. They will thus learn best how to shape a problem so as to 
make it amenable to a solution; how to marshall the consecutive steps of an investi- 
gation so as to bring out the reply to the question in hand. They will learn to avoid 
bias in the search, to apply criticism to the findings ; they will learn not to trust only 
few facts, not to rejoice prematurely over findings and not to be disheartened by 
failures. They will thus acquire the habits and the tastes of the investigator, the 
scientist, which may then stick to them for life. 

However, after all these preparations they must select clinical research as the 
main field of their scientific activity. Clinical science will not thrive through chance 
investigations by friendly neighbors from the adjoining practical and scientific do- 
mains. Such volunteer service which for the present is keeping up the cultivation 
of the unacclaimed region is most certainly very welcome. But the acclamation, 
cultivation and maintenance of a field of pure science of clinical medicine cannot be 


accomplished by chance services from volunteers; for such a purpose we need the 
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service of a standing army of regulars. The investigator in clinical science must 
devote the best part of his time and intellectual energies to the cultivation and ele- 
vation of this field just as the physiologist does in his domain—or at least as he 
ought to do. For the sake of elucidation let us compare the relations of a science 
of clinical medicine to its practice with the relations of science to technology in 
any part of physics or chemistry. Let us take electricity as an instance. In the 
electrical industry there is a large corps of electrical engineers who are bright, 
inventive and on the alert to make practical use of any newly discovered principle 
in general. Some practical engineers manage to make valuable contributions to the 
theoretical knowledge of their branch. Nevertheless the science of electricity is in 
the hands of pure scientists who are setting the pace of progress in the correlated 
practical branch. It is the discovery in pure science which makes great inventions 
possible. It was, for instance, the purely scientific demonstration by Hertz of 
the existence of electric waves that gave the impetus to and made the invention of 
wireless telegraphy possible. The following is a quotation from the presidential 
address of Professor Nichols before the Association for Advancement of Science :* 
“Communities having the most thorough fundamental knowledge of pure science 
will show the greatest output of really practical inventions.” This is surely true 
also for medicine. And let me say to you that the Hertz’s, the Roentgens, the 
Bunsens, the Emil Fischers, and a host of others, who are the real creators of knowl- 
edge and invention, are satisfied to live on comparatively small salaries, while it is 
within their easy reach to make twenty times the amount of their salaries as con- 
sultants, if they would be willing to give up a part of their time which they devote 
to investigations in pure science. Now, the leaders in practical engineering in elec- 
tricity surely compare favorably with the leaders in the practice of medicine with 
regard to the completeness of their knowledge in the respective spheres. While 
thus the search for knowledge in electricity is carried on by men devoting them- 
selves to pure science, the search for knowledge in clinical medicine is left in the 
hands of men who devote most of their time and energies to their practice and to 
the golden fruit it bears. Under such circumstances, how shall we expect to find 
the progress in science and practice of medicine keeping abreast with the striking 
progress to be met within other branches of science and practice? 

A few years ago I tried to fix the responsibility for the shortcoming of internal 
medicine in physiology, because this science is keeping aloof from medicine and its 
problems. Anatomy, which gave its undivided attention to the human structures, 
prepared an excellent basis for a successful surgery, the problems of which are 
essentially mechanical in character. The problems of clinical medicine are essen- 
tially of a functional character, and the enlightenment which it requires must come 
from physiology. This science, however, developed a tendency to keep at a distance 
from medicine on account of the inexactness of the latter. There is an improvement 
to be noted in this regard; there is a growing tendency in physiology nowadays to 
pay greater attention to medical problems. However, even if physiology and other 
related medical sciences would devote all their time and energy to the study of 
purely medical problems, it would not bring about a radical solution of our per- 
plexing problem. Neither will this be accomplished by the creation of chairs for 
experimental medicine. The regeneration or rather creation of a science of clinical 


medicine must come from the innermost of medicine itself. It is true, as stated 


1 Science, Jan. 1, 1909, p. 5. 
2 Congress of Science and Art, 1904, v. 395; chairman’s address. 
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before, that the men who are to tackle these problems must have a thorough train- 
ing in the sciences allied to medicine, but the center of their activities must be within 
clinical medicine itself. They must have a bringing up within medicine, their minds 
must have been filled up with thinking, worrying, brooding over practical and 
theoretical problems of clinical medicine. 

Let me recapitulate. There is a necessity for a differentiation of clinical medi- 
cine into a science and a practice. The clinical science has well-defined objects and 
is a most important department. It must be managed by a set of men specially 
trained for and almost exclusively devoted to that task. Without the development 
of such a department of clinical science the efficiency of the practice of internal 
medicine will lag behind, no matter how progressive the allied sciences of medicine 
are and how great their efforts to be useful to medicine may be. 


THE CONDITIONS AS THEY ACTUALLY EXIST 


In conjunction with the foregoing considerations let me glance at the conditions 
of clinical medicine as they actually exist here and abroad. I may state that neither 
abroad nor here do we find a separate class of investigators confining their activity 
solely to the domain of the science of clinical medicine. Everywhere science end 
practice of clinical medicine go hand in hand. We may, however, admit at the out- 
set that there is an enormous difference in the status of medical research between 
abroad and here. Let us take the development and the present status of clinical 
medicine of the German-speaking countries as an illustration of the conditions 
abroad. We shall notice that there the mother stem of medicine managed to retain 
a scientific aspect despite all processes of differentiation. 

When for the first time pathologic anatomy broke away completely from medi- 
cine and was taught by Rokitansky at the University of Vienna as an independent 
branch of medical science, we find that at the same time and at the same place the 
celebrated Skoda was teaching the remaining trunk of clinical medicine as a natural 
science, constructing the methods of auscultation and percussion on a sound basis 
and establishing a firm connection between the intravitam diagnosis and the post- 
mortem findings. The purely anatomic tendencies of that celebrated school of 
medicine which unfortunately gave birth to nihilism in medicine, was soon curbed 
by the appearance of Virchow on the medical scene in Berlin. While also working 
for the establishment of pathologic anatomy, gross and histologic, as an independent 
natural science, he manifested throughout his long life a deep interest in the develop- 
ment of clinical medicine on sound lines. At the very beginning of his brilliant ca- 
reer we find him stating (in the prospectus to the first volume of his Archiv) that 
practice of medicine should be an applied science and the ideal of the science should 
be a complete pathologic physiology. The great clinical contemporaries of Vir- 
chow strove for a similar ideal. Frerichs introduced chemistry and Ludwig Traube 
the methods of experimental physiology into the domain of clinical medicine. | 
shall not dwell here further on historical details. 1 shall only say that clinical medi- 
cine in Germany remained true to this ideal throughout all these years of marvelous 


growth of medicine. The exponents of clinical medicine in Germany are the flag 


bearers of pathologic physiology. The contemporary clinicians master the im- 
mense knowledge and manual skill which contemporary clinical medicine demands 
of its disciples, and nearly all of them are themselves diligently adding new facts to 
the store of medical science. I do not need to tell you the particulars. Some of 
you know from personal experience such master clinicians like Muller, Krehl, Kraus, 
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Minkowsky, and a good many others like them. However, the standard of medi- 
cine is kept high not only by the heads of university clinics; the various members 
of their staffs, heads of hospitals and their staffs and a host of volunteer workers 
are continually digging for new fruit in the soil of clinical medicine. The medical 
literature is full of original, first-rate work in the science of clinical as well as of 
experimental medicine contributed by men whose main abode is clinical medicine. 

Now there is in Germany no special chair for the science of clinical or even ex- 
perimental medicine. All these contributors to medical science are in a sense 
simply medical practitioners. What is the secret of their scientific success? It 
is simply this: to these men science is the first and practice the second object of 
their life. To most of the leaders of medicine in Germany the tasks of gaining and 
diffusing knowledge receives their first attention and the consultation practice comes 
in last. Again, these very leaders before they have acquired their commanding 
positions spent many years of their life in preparing themselves for it; in training 
in scientific methods, in acquiring knowledge in the allied sciences and in the science 
and practice of clinical medicine, living meanwhile on small incomes, having no 
private practice at all or having a practice too small to interfere with their life 
ambition. You cannot lead such a life unless you are possessed by idealism and a 
scientific spirit. That is the key to their success. And when these men become 
teachers, they cannot fail to impart this ideal spirit to their students. That is the 
way they themselves received it. But they received it also in the institutions of 
their early education, where sport and habits of millionaires’ sons are not the factors 
which form the character of the youth. They received it from the people among 
whom they grew up, among whom the worth of the individual is not measured ex- 
clusively by a gold standard. They received it from the care and encouragement 
of the government which, no matter what its political ideals may be, never loses 
sight of the fact that the cultivation of science is one of the greatest assets of a 
people. They received it in the traditions of medicine of their country; even be- 
fore the new era when medicine was all in a cloud of so-called natural philosophy, 
only the substance of medicine was all wrong, its spirit was all right. 

That is the situation abroad. Now let us look at the development and the present 
status of clinical medicine in this country. At a glance one observes with amaze- 
ment that nearly all the factors which favored the development of a scientific spirit 
in Germany are absent. However, I shall not try to enumerate all the shortcomings 
with which the development of medicine in this country had and still has to con- 
tend. There is no educational advantage in doing it and you are all familiar with 
the situation. On the contrary, I take pleasure in pointing out the encouraging fact 
that, despite all the difficulties, medicine in this country gradually rose to a com- 
manding position in many respects. It is an instructive and stimulating fact that 
the progress of medicine in this country was carried on through the efforts of a few 
high-minded men or groups of men who at various times transplanted the spirit 
prevailing abroad into this country. I shall, of course, not attempt to enter into the 
particulars of the history of this progress. I wish to refer briefly, however, to a 
few phases in this history. In the first important phase, clinical medicine in 
America received an elevating impulse through the activities of a group of medical 
men who continued their studies in France, where they came especially under the 
influence of the famous clinician Louis. Statistical methods of observation of dis- 
eases and diagnosis by auscultation and percussion became, then, the chief charac- 
teristics of internal medicine in this country. During the second period, young 
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American physicians pursued their postgraduate studies in Austria and Germany. 


They brought home a knowledge of gross and minute pathologic anatomy and an 
aptitude for the use of the microscope. Pathologic societies were started and the 


teachers of medicine began to give separate lectures on pathologic anatomy and to 
instruct in the use of the microscope as a clinical aid. The studies and teaching of 
these new subjects gave at that time a scientific flavor to clinical medicine. The last 
period covers about the three last decades with the contradictory results of which 
we are confronted to-day. Again, medical men went abroad for postgraduate stud- 
ies and perhaps in larger numbers than ever. But what this high class of young 
medical men studied there now was no longer in the direct interest of clinical medi- 
cine; they trained themselves in the intricacies of the sciences of medicine. The 
results of the studies of this period were again of great benefit to medicine in this 
country ; in fact, they were of greater benefit than ever. In a comparatively short 
period the special sciences of medicine, thanks to the activity of a brilliant group 
of men, have gained a strong foothold in this country ; special chairs and laboratories 
were created in many schools of medicine for pathology, physiology, bacteriology, 
pharmacology and physiologic chemistry. The work which is being accomplished 
now in these laboratories compares favorably with the work done in the countries 
with older scientific traditions and much more favorable surroundings. However, 
by this very departure clinical medicine itself suffered a visible retardation in the 
development of its own department. I discuss this phase not with pleasure, but 
the truth must be said. To my mind it is a fact that the leading clinicians of this 
generation do not compare favorably with their predecessors in this country, not to 
speak of a comparison with the leaders of clinical medicine in other countries. One 
of the reasons for the retardation in the progress is the loss to clinical medicine of 
the brainy men who now devote their energies to the pure sciences of medicine. 
Another reason may be found in the fact that by giving up pathologic anatomy and 
microscopy to special departments clinical medicine lost that part which has given 
it formerly its scientific character. An evident drawback to the progress of internal 
medicine in this country is the fact that its teaching at the present time is mostly 
still in the hands of men who received their medical training nearly exclusively in 
this country and at a time when pathologic anatomy was the exclusive basis and 
auscultation and percussion practically the exclusive methods of diagnosis. But 
in the last twenty-five years internal medicine changed its aspect greatly. The men 
who want to teach the medicine of to-day must have an education and training 
radically different from those which were customary and sufficient in former years. 

However, the greatest evil of them all is the deplorable fact that in most instances 
internal medicine is taught in this country by very busy consultants who can give 
only a small fraction of their time and mental energy to this one of the side issues 
of their busy lives. Teaching medicine and furthering its science is a very serious 
business which ought to be carried on by men who are ready to devote all or most 
of their time to it. 

Here are problems for you to solve. The progress of clinical medicine in this 
country has to be accelerated again. We might reach the level which we have seen 
to exist abroad. But we ought to strive to get still higher; in this field lack of 
modesty is a stimulating virtue. Look at the allied sciences of medicine, the level 
of which they have reached in a comparatively short time without any tradition and 
only through the activity of a small group of high-minded men. The progress of 
medicine in this country was always carried on by the few and not by the masses. 
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Clinical medicine must reclaim some of the brainy young men who were enticed by 
the sciences of medicine. You represent a new generation. You have had an edu- 
cation and a training in modern medicine and the allied sciences. You have a train- 
ing in investigation, the constitution requires it of you. The constitution which you 
have adopted shows your spirit. Among its objects is “the cultivation of clinical 
research by the methods of the natural sciences and the diffusion of a scientific spirit 
among its members.” But you will accomplish more; the constitution imposes on 
you the obligation to be active in the diffusion of the principles of the society par- 
ticularly among the students who come under your charge. I would recall this 
obligation to the minds of the members who were called within this year to chairs 
of medicine at influential places. The constitution does not keep you down ex- 


clusively to science, but let me tell you: beware of practice. It is a bewitching 


graveyard in which many a brain has been buried alive with no other compensation 
than a gilded tombstone. 

One last word. The men whom you now see sitting on the bank left behind 
while the boat of progress swiftly glides away with fresh winds and under fresh sails 
were themselves in their youth passengers of similar boats and cut faces at others 
who were left behind. Be generous to them, but do not repeat their mistakes. The 
secret is: never leave the boat. 
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Il. FORMATIVE YEARS, 1909-1929 
Dr. Meltzer’s “New Science’. 


The early years of the Society were character- 
ized primarily by the serious work of attacking 
the problems outlined by Dr. Meltzer and striving 
to realize the purposes set forth by the constitu- 
tion. Society members went about these tasks 
diligently and, for the first few years, with little 
to distract them. 

The first annual meeting was held on May 10, 
1909. Like the charter meeting, it took place at 
the New Willard Hotel in Washington. Sub- 
sequent meetings, prior to 1917, were usually 
held at this hotel when the Society met in Wash- 
ington and at the Marlborough—Blenheim when in 
Atlantic City. 

Fifteen of the Society’s 31 members were pres- 
ent for this first meeting. With Dr. Meltzer in 
the chair, a number of routine business matters 
were dispensed with—Treasurer Howland _re- 
ported a balance of $109.70 on the Society’s 
books; officers for the forthcoming year were 
elected; a resolution on the death of one of the 
charter Dr. J. Dutton Steele, 
passed ; and new members were elected. It is in- 


members, was 
teresting to note that this first meeting was the 
only one in the Society’s history at which all 
nominees recommended by Council were not rub- 
Of a total of 20 
nominees, eight were endorsed by Council, but 


ber-stamped into membership. 


of these, only seven received the requisite num- 
ber of votes from the Society as a whole. 
Following Dr. Meltzer’s stirring address, the 
Society turned to the serious business of report- 
ing the type of results which would further the 
The 12 this 


causes he had outlined. titles on 


program were as follows: 


1. The blood pressure in tuberculosis—Haven 
Emerson 

2. A modification of the Riva-Rocci method of 
determining blood pressure for use in the dog— 
Janeway 

3. The effect of compression of the splanchnic 
arteries upon the systemic blood pressure—Long- 
cope 

4. Blood pressure changes following reduction 
of the renal artery circulation—Janeway 


5. Miliary tuberculosis of the skin—Tileston 
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6. The sensory symptomatology of the facial 
nerve—Hunt 

7. A study of experimental anemia—Pratt 

8. Observations on metabolism in cases of mus- 
Edsall 
9. The relation of atrophy of the pancreas to 
Pratt 
10. Some further observations on experimental 


cle spasms due to heat 
glycosuria 


nephritis—Christian 

11. Some experiments upon the possibility of 
catheterizing the pylorus in dogs—Sailer and 
Torrey 

12. Respiration by continuous intrapulmonary 
muscular action— 


pressure without the aid of 


Meltzer and Auer 


Each of these presentations was discussed, no 
doubt in considerable detail and with frankness, 
by the members. Although the minutes do not 
record the particulars of what was said, the par- 
ticipants in the debate over each paper are noted 
and, after nearly all presentations, several men 
were ready with comments. In this respect, the 
first five meetings of the Society must have been 
particularly uninhibited, for it was not until 1914 
that the first inevitable limitations on the scien- 
tific program became necessary. 

At that meeting—the sixth—the chairman an- 
nounced that due to the length of the program 
(29 papers were scheduled), presentations were 
to be held to 10 minutes, discussions to five. In 
addition, the Society approved a Council recom- 
mendation restricting the number of papers to be 
presented on succeeding programs to the first 30 
received by the secretary, the remainder to be 
This curtailment was not, 
After hear- 


read by title only. 
however, imposed without comment. 
ing the Council suggestion, Dr. Meltzer rose to 
speak. He moved adoption of the proposed limi- 
tation, conceding that for the present it was nec- 
essary and, as a temporary measure, acceptable. 
But, he continued—and we can surmise from the 
secretary's notes the fervor with which he spoke— 
the Society should consider changes of a much 
more radical nature for the future. There was no 
reason, he argued, why its meetings should be 
limited to a single day. He noted that member- 
ship had increased to more than 70 and that it 
“Why,” he im- 


“should the Society continue to act like 


was bound to increase still more. 
plored, 
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an appendix to the AAP? 
other time; it can meet for two days; and it can 
have more papers!” 

Despite his urgings, the Society apparently did 
not even consider such possiblities until 1921, 
and then it was only to reject a suggestion for a 
two-day session. Nevertheless, the 1914 discus- 
sion underlined what was to be a continuously 


It can meet at any 


troublesome issue: the problem of accommodating 
more men and more papers while at the same time 
guarding high standards through the exercise of 
selectivity in membership and programs. Such 
problems did not, however, become really pressing 
until a somewhat later period. 

Growth during these early years was fairly 
slow, but steady. Seven new members were 
elected in both 1909 and 1910, and five in 1911, 
bringing the total number to approximately 50 
by the time of the fourth annual meeting. In the 
spring of 1911, a letter was sent to all Society 
members urging them to exercise more diligently 
their right to nominate worthy men for mem- 
bership. As a result, nominations jumped con- 
siderably and 14 of 26 candidates were elected in 
1912. By 1916, membership had increased to 
just over 100 and, again, limitations on the pro- 


gram became necessary. This time, the number 


of papers to be read was reduced from 30 to 25, 


still to be presented in the order in which titles 
were submitted to the secretary. Neither this 
ruling, nor the earlier one, worked a great hard- 
ship in actual practice. Through 1920 the pro- 
grams averaged about 27 papers and frequently, 
due to absences, fewer were actually presented at 
the meetings. 

Perhaps indicative of the Society’s complete 
preoccupation with the pursuit of knowledge dur- 
ing these years was the fact that all of its early 
presidents chose to bypass the “speech-making” 
prerogative of the office and, instead, devoted 
their opening remarks to a discussion of their 
Until 1917, with the 
exception of Dr. Meltzer’s talk, the “presidential 


own experimental work. 


address” was simply the first paper on the scien- 
tific program. 

Abstracts of papers read before the Society were 
published, for the first years, in the old Boston 
Medical and Surgical Journal (now New England 
Journal of Medicine) and in the Journal of the 
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American Medical Association, and reprints were 
usually distributed to members. In 1914, the 
question arose as to whether the Society should 
arrange to have its proceedings published privately 
at its own expense. Dr. Meltzer moved the 
adoption of this proposal, urging the chair to 
appoint a committee to investigate means of im- 
plementing it. He urged the publication not only 
of abstracts, but of discussions as well, arguing 
that higher dues to meet the added, expense 
would be well spent for really good transactions. 

Dr. Christian countered, expressing opposition 
to “expensive, extensive transactions,” which, in 


his opinion, were ‘“‘a sort of burial ground of pa- 
pers.” The private printing of brief abstracts and 
discussion summaries was acceptable, but if the 
proposal meant the regular publication of elaborate 
transactions, he viewed it with alarm. 
particularly concerned with keeping the dues low 
(they were $3.00 a year at that time), contending 
that a higher assessment would be hard on men 
He concluded by 


He was 


just beginning their careers. 
remarking on the semantics of the issue: “If the 
transactions are to be put out in abstracted form,” 
he said, “it might be well to call them something 
else, as they would scarcely be worthy of being 
dignified by the title of ‘transactions.’ 


” 


To this outburst, Dr. Meltzer replied by saying 
that Dr. Christian’s points were the very reason 
a committee was needed. Forthwith, his original 
motion carried and a committee consisting of the 
two protagonists and Dr. Roger S. Morris was 


appointed. The following year, the committee re- 


ported, in somewhat inverse form, as follows: 


The Committee appointed by the President at the last 
annual meeting (1914) reports that it considers it as 
desirable that the American Society for the Advance- 
ment of Clinical Research shall henceforth publish a 
volume containing the transactions of each annual meet- 
ing, which would embody fuller information than hitherto, 
of the papers presented and the discussions which fol- 
lowed, a volume which should through 
libraries, etc., and which would lend significance and 
standing to the Association. 

The Committee recommends further the appointment 
by the present president of a new Committee which, after 
listening to a discussion by the Society, should “consider 
the proper means for accomplishing this object.” 

(Signed) In favor of the above: S. J. Meltzer 


H. A. Christian 
R. S. Morris 


be accessible 


Opposed : 
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There was no discussion on the matter from the 
floor and, with two members of the committee in 
opposition, the Chair ruled that the Society’s pro- 
ceedings would continue to be published as before. 
A complete list of sources of Society proceedings 
is included in Dr. J. Harold Austin’s history of 
the Society (24). 

In 1916, the name of the Society was shortened 


from “American Society for the Advancement of 
The 


minutes state simply that in 1915 President Cole 


Clinical Investigation” to its present form. 


asked for suggestions for a new name, the old 
being considered somewhat unwieldy. Two pos- 
the 
amendment, were offered: “American Society of 
Internal and “American Society for 
Clinical Investigation.” 
adopted, apparently with neither discussion nor 


sibilities, each in form of a constitutional 
Medicine” 


The latter alternative was 


dissent, the following: year. 

Perhaps the change was indicative of the fact 
that 
quite such active “advancement.” 
the year 1916 marked the end of the Society's ini- 
Its life during the succeeding period 


clinical investigation no longer required 


In any case, 


tial phase. 
did not differ radically, but it had become a going 
concern and changes were inevitable. As far as 
meeting places were concerned, 1916 marked the 
end of the New Willard-Marlborough Blenheim 
Al- 
though the Society remained a close-knit organiza- 
tion, 1916 marked the end, too, of a kind of in- 
timacy manifested in part by the very personal 


days, the advent or the “Traymore era.” 


nature of the records kept by its early secretaries. 
And finally, with America’s impending involvement 
in the First World War, 1916 was, perhaps, the 
last year in which physicians were permitted the 
indulgence of single-minded devotion to the “ad- 
vancement of clinical investigation.” 


.... And How It Grew 


In 1917, the Society turned its collective at- 
tention for the first time to problems of a medico- 
political nature by adopting two resolutions per- 
taining to the war. The first, introduced by Dr. 
Leonard G. Rowntree, was in response to the Na- 
tional Research Council's call to arms. It read as 
follows : 
invites 


Whereas, the National Research Council the 


cooperation of educational institutions in the promotion of 
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research at this critical period in our national progress— 

Be it Resolved that we, the American Society for Clini- 
cal Investigation, hereby offer, through the President of 
the Society, our services and heartiest. cooperation to 
the National Research Council on the lines of investiga- 
tion which it considers most needed at the present time. 


This was followed up two years later when Dr. 
Christian, then president of the Society, reported 
on a meeting of the National Research Council’s 
Division of Medical Sciences of which he was 
Resident Chairman. In 1922, Dr. 
appointed as the Society's representative to the 


Means was 


National Research Council and thenceforth unto 
the present day the Society has maintained a 
somewhat “off-again, on-again” relationship with 
the Council. 

The second resolution, probably the Society's 
one and only contribution to the cause of prohibi- 
tion, is rather amusing in the light of a later day. 
At the time, it was in the direct line of patriotic 
duty. 
lows: 


Introduced by Dr. Edsall, it read as fol- 


Resolved, that in the critical condition of the world’s 
food supply, we consider it desirable that the manufacture 
of importation this 
country be prohibited for the duration of the war and 
for at least one year thereafter. 


alcoholic beverages or their into 


It was passed, though apparently soon forgotten. 
As one member put it, “No one talked about pro- 
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hibition when I got in in ’22!” Be that as it may, 
everyone talked about prohibition in 1917. On 
the national scene, the anti-alcohol crusade had 
begun back before the turn of the century and 
by the time war was declared, two-thirds of the 
The 


ease with which liquor could pass into these dry 


states had succumbed to its advance (25). 


states from the wet areas led to a rising demand 
for national prohibition and in 1913 Congress 
passed the Webb-Kenyon act, penalizing shipment 
of alcoholic beverages into states where their sale 
was prohibited. When the United States entered 
the war, a nationwide ban on the sale and manu- 
facture of all intoxicants was enacted ostensibly, 
at least, on grounds of national economy and effi- 
ciency. Whether “the critical condition of the 
world’s food supply” actually had anything to do 
with the Society’s action is open to speculation. 
But it was as likely a reason as any. 

In addition to these two instances of response 
to national duty, another outward-looking feature 
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appeared on Society programs. This was the new 
style presidential address. In 1917, Dr. Haven 
Emerson departed from the pattern set by his 
predecessors and delivered a talk entitled “The 
Community as a Patient Needing Clinical Investi- 
gation.” The following year, Dr. George Blumer 
addressed the meeting on “Medical Education in 
Relation to the War.” From that time forward, 
with occasional exceptions, Society presidents 
have put themselves in a “watchdog” role, com- 
menting on current conditions in clinical mediciue 
in general and within the Society in particular, 
warning of potential pitfalls, and pointing to areas 
wherein changes are needed. The end of the First 
World War and the Society’s tenth anniversary 
provided the point of departure for Dr. Christian’s 
address entitled “The Work of the Medical 
Clinics” given at the 1919 meeting.® 

The Society’s first decade, Dr. Christian felt, 
could be regarded with satisfaction. “Gentlemen,” 
he said, “much of what Dr. Meltzer outlined has 
been accomplished and this Society and its mem- 
bers have had a large share in bringing about the 
change.” He continued, however, with a warning 
against complacency : 

To readjust ourselves to pre-war conditions is not easy ; 
even to do this should not satisfy us; improvement in 
medical conditions alone should satisfy us. . . . This So- 
ciety exists primarily for the encouragement of investi- 
gation. We must take counsel as to how this can be 
accomplished in the best possible way. ... As chiefs of 
clinics what should be our attitude toward our junior 
men? Why have we not in the past developed better 
men in our clinics? 

In presenting his own answers to these ques- 
tions, Dr. Christian cited selfishness on the part of 
the department head as the primary cause of fail- 
ure. Although it was important that the chief be 
responsible for work issuing from his service or 
laboratory, Dr. Christian looked with extreme 
disfavor on the department head who consistently 
took more than his share of the credit for such 
work. He stressed the importance of giving as- 
sistants freedom in their investigations, of en- 
couraging the development of independent thought. 


On this score, he said: 


® A copy of this address, which was never published, 


was obtained through the courtesy of Dr. C. 
Burwell. 


Sidney 
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Personally, | have never cared for the method of out- 
lining an investigation for an assistant, and when that 
is finished, outlining another. In the long run I think it 
is better to let the man drift in his work for awhile un- 
til he can see a problem for himself... . This is rather 
a kill or cure method, but after all is it worthwhile for 
the man without imagination and curiosity to investigate ? 
I believe not; he has a place and a work to do but it is 
not investigation. To lead him to think he will succeed 
in investigation is doing him a wrong. 

Ten years earlier, Dr. Meltzer had spoken of the 
need for clinical investigation to reclaim some of 
the “brainy young men” who had been lured away 
from medicine into the laboratories of the allied 
sciences. In this light, the following passage from 
Dr. Christian’s address is rather interesting : 

Our recent development in the clinics (has) worked 
to weaken the fundamental sciences by taking from them 
a valuable group of workers, namely, those planning a 
career in clinical medicine. I believe it would be wise to 
return some of these for a year or so of work in these 
laboratories during the course of their training for in- 
ternal medicine. To do so would be helpful both to the 
fundamental sciences and to clinical medicine. 

The growth in the number of workers engaged 
in clinical research had, indeed, been rapid during 
the Society's first decade of existence and it was 
to become even more rapid during its second. 

The years between 1910 and about 1935 wit- 
nessed striking advances in the status of investiga- 
tive medicine and a veritable revolution in Ameri- 
can medical education. The birth of the Society 
was nearly simultaneous with that of another in- 
stitution destined to be of far-reaching significance 
for the future of American medical research—the 
Hospital of the Rockefeller Institute. Opened in 
October, 1910, the Rockefeller Hospital was the 
first in the country to be built especially for, and 
devoted entirely to, clinical investigation. In the 
years following its establishment, it exerted a pro- 
found influence on the modernization of academic 
medicine, serving as a model for the clinics then 
being established or reorganized on a full-time 
basis in universities both here and abroad and as a 
training ground for the men who were to staff 
them. Indeed, this was one of the avowed aims 
of its first director, Dr. Cole (14): 

As soon as the work was under way I realized that 
owing to conditions then existing in medical teaching 
the hospital should have at least one other function be- 
side the investigation of disease. The idea of so-called 
university departments of medicine was in the air and it 
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was evident that this idea would soon reach concrete ex- 
pression in a number of places. The new hospital ap- 
peared to be the logical place in which leaders of this 
new movement could be trained and be given opportuni- 
ties to work and be fired with the spirit of investigation 
which could thus be disseminated throughout the projected 
clinics. It seemed that the hospital should not adopt a 
policy of “splendid isolation” but should play its part in 
the reorganization of medical teaching in this country. 


That it succeeded admirably in this role is evi- 
denced in part by the fact that in 1938, of the 179 
persons who had been on the Hospital staff dur- 


ing its 28 year existence, 112—62.5 per cent— 
occupied full-time academic positions and many 
more had university affiliations of one kind or 
another (14). 

The full-time system in clinical teaching was 
initiated in the United States with its establish- 
ment at Johns Hopkins in 1914 (9, 10) after 
Acting President William Henry Welch had ob- 
tained from the Rockefeller Foundation’s General 
Education Board a grant sufficient to endow full- 
time chairs in the departments of medicine, sur- 
It was instituted, however, 


gery and pediatrics. 


only after a considerable battle between supporting 
opposing factions of the medical faculty to 
Dr. 


Barker was among the foremost advocates of the 
When he had been called to suc- 


and 
win over the Hopkins Board of Trustees. 


full-time plan. 
ceed Osler as professor of medicine in 1905, he 
had petitioned the Board of Trustees to allow him 
to accept the position on a full-time basis but his 
request had been denied and, like his counterparts 
of that day, he had been forced to divide his time 
between university responsibilities and a private 
practice. In 1914, after the climate had changed, 
he was offered Hopkin’s first full-time clinical 
position but by that time his practice had become 
so extensive and so closely integrated with those 
of other Baltimore physicians that it would have 
been difficult to abandon (10). It was left to his 
successor, Dr. Theodore C. Janeway, to become 
the nation’s first full-time professor of medicine. 
Yo do so, he gave up a lucrative practice in New 
York. 


charter member of the Society, was Hopkins’ first 


Dr. John Howland, like Dr. Janeway a 


full-time professor of pediatrics. 

During the ensuing years, although the full- 
time system caught on and began to spread to 
other institutions, it encountered rough going. 
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Perhaps the major point of contention was 
whether or not full-time teachers should continue to 
see private patients. The argument in favor of their 
doing so was based partly on the desire to sup- 
plement academic salaries, partly on the view that 
the teacher of medicine should retain contact with 
the care and treatment of patients beyond that 
connected with his duties in the university clinic. 
The full-time system as established at Hopkins 
(and at such other institutions as Washington, 
Rochester and Yale Universities where Rocke- 
feller Foundation grants supported clinical chairs) 
carried with it the understanding that full- 
time staff members would not accept fees from 
the treatment of patients which they might under- 
take on their own (10, 21). Such fees, rather, 
were to be used by the departments, a stipulation 
designed to assure that the attention of the now- 
salaried clinicians would be focused exclusively on 
their university responsibilities—teaching, care of 
patients in the clinics, and research. 
When Drs. Edsall and Christian 


full-time clinical teaching on a firm basis at Har- 


established 


vard University, they developed certain variations 
Of the issues involved and 
Dr. 


(13) has written the following account: 


on the Hopkins plan. 


of the “Harvard full-time system,” Means 


A policy question arose about just how much 
private practice the so-called full-timers should be al- 
lowed to do. Edsall consulted the trustees of the hos- 
pital about his own case, and all he could ever get out of 
them was that they considered him a gentleman and they 
hoped that he thought they were! The policy finally ar- 
rived at was that the amount of private practice should 
not be more than was consistent with doing a fair meas- 
ure of full-time work. It was more a moral than a legal 
issue. Through the years it has undergone some modifica- 
tions. How the private practice of the full-timers was 
to be paid for was also a problem. At Johns Hopkins 
Hospital—where, with abundant aid from the Rockefeller 
Foundation, the major clinical departments had been put on 
a strictly full-time salaried basis (staff members) were 
expected to live on their salaries. They could take care 
of patients privately, but the fees collected for such serv- 
ice went to the hospital and were applied to depart- 
mental budgets. 

Edsall considered such a policy unsound. 
it was the danger that the full-time staff could be ex- 
ploited by the institution and forced to make a substan- 
tial contribution to the departmental budget by caring for 
private patients. It was possible, although not inevitable, 
that such a system could lead to serious encroachment 
on the academic services of the full-time people. He ar- 


Inherent in 
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ranged, therefore, that the full-timers collect their own 
fees for the small amount of private practice (they) per- 
formed. This policy became known as the “Harvard 
full-time system.” 


During the 1920's, the adoption of the full-time 
system was greatly accelerated, and of the situa- 
tion as of about 1932, Dr. Robinson (10) has 
written : 

Medical education in this country seemed to have be- 
come mature. The great medical development of Colum- 
bia University and the Presbyterian Hospital in New 
York, opened in 1928, was the outstanding medical center 
of the new type; the New York Hospital-Cornell Medi- 
cal Center began its operations in 1932. In the mean- 
time, new schools had been created at the University of 
Rochester and at Duke University. The medical schools 
of Vanderbilt and of the University of Chicago had been 
reorganized along the new university lines, and the de- 
velopment of clinical departments with full-time teach- 
ers was well under way. 

Such developments did not come, however, 
without creating new problems in the realm of 
academic medicine. One of these was the sub- 
ject of an address entitled ““What Should We Do 
With a Harvey or a Laennec?” given in 1927 by 
Society President Eugene F. DuBois (26). 

“With the tremendous growth of our medical 
clinics and medical schools,” Dr. DuBois said, 


“we are in danger of being swamped in this proc- 
He traced the hypothetical 
course of the clinical careers that a young William 


ess of expansion.” 


Harvey or a young René Theophile Laennec 
might lamenting 
the probability that, after an initial period in 


follow’ in current America, 
which they would be allowed to devote full time 
to research, their remarkable talents would be 
dissipated by increasing administrative, teaching, 
and consulting responsibilities. “What would be- 
made Harvey the 
founder of modern physiology or the pathological 
studies that made Laennec the founder of modern 
clinical medicine? How much time would be left 
for quiet work and contemplation?” Dr. DuBois 
asked. 


come of the discoveries that 


He continued: 


The situation would not be serious if it only meant the 
loss of the original investigations of a few such men. 
There is a more serious loss; that is the gradual atrophy 
of the research spirit through disuse. The true research 
spirit can be maintained only by means of personal con- 
tact and participation in the experiments. The head of 
the clinic is seldcm allowed enough time for that study 
and work which alone will keep him the best informed 
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man in his own particular field. The university scatters 
his energies over a broad expanse, part of which is as 
sterile as the Desert of Sahara. 


Dr. DuBois attributed these failures to “the 
desire for bigness on the part of our universitites,” 
and concluded, with respect to Harvey and Laen- 
nec, that ‘‘after a good look at the present condi- 
tions they would realize that they would be hap- 
pier in their own small, inefficient, but comfortable, 
centuries.” 

The infiltration of a “mass-production mentality” 
into the realm of science was enlarged upon by 
Dr. Robert F. Loeb (27) in 1936. In considering 
the merits of the two general approaches to re- 
search—individual effort vs. the more recent “‘re- 
search project”—Dr. Loeb cited the experience of 
the past in upholding the view that it was the 
work of the creative individual, motivated by in- 
tellectual curiosity and capable of critical thought 
and imaginative experimentation, which offered 
the greatest hope for progress. Of the research 
project, he said, on the other hand: 


(It) demonstrates in its point of view total ignorance 
of the means by which science has advanced. It at- 
tempts to force progress through regimentation. ... It 
stifles the untrammeled play of imagination. ... It is 
not the product of creative thought, but is usually ini- 
tiated by energetic and misguided promoters inspired by 
the effectiveness of mass production in big business. . . . 
In other words, it assumes that scientific knowledge can 
be bought, and that dollars give birth to ideas. The re- 
search project in clinical medicine has proven consist- 
ently barren and has resulted in the disbursement of 
funds which, if applied to the endowment of individual 
investigators or university departments where creative 
thought is fostered, may reasonably he expected to fur- 
ther the progress of science. 

The expansion of clinical teaching and research 
which gave rise to such outcries made its presence 
felt in the Society’s swelling membership ranks 
and plethora of papers as well. During the years 
following World War I, the problem of increas- 
ing numbers demanded almost annual attention. 
For the first time, the principle of selectivity was 
introduced in making up the program. Previous 
limitations, it will be remembered, involved setting 
an arbitrary quota on the number of papers to be 
read and filling it on a first-come, first-served 
basis. In 1920, Council recommended that prefer- 
ence on future programs be given to members 


who had not presented a paper the previous year. 
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This, however, did not make any assumptions 
about the comparative merits of the papers thus 
presented. In 1922, under increasing pressure to 
accommodate more titles, the Council took cog- 
nizance of the fact that the earlier method of mak- 
ing up the program did not necessarily result in 
the best selection. The Society voted that in the 
future selection would be left to the discretion of 
the president and, to assist him in his choice, ab- 
stracts were to be required. In 1924, restrictions 
having to do with qualifications to be met before 
a paper would be considered were introduced. 
The rulings passed that year provided that 1) no 
paper was to appear on the program unless one 
2) 


in the case of joint authorship, each member was 


of the authors was a Society member ; except 
limited to one paper; and 3) prior publication 
barred a paper from the program. These rulings 
were amended in 1931 to allow nonmembers to 
read papers if they were introduced by a member 
and associated with his clinic, and if the member 
himself did not have a paper elsewhere on the 
program. 

In 1921, the minutes of the Council meeting 
contain the first mention of what many Society 
members consider “the most important thing in 
the for emeritus 
membership. discussed the matter at 
that time, but the record gives no information be- 


Constitution”—the provision 


Council 


yond the decision that it was a subject which 


could most properly be presented in the form of a 


constitutional amendment if any member so de- 
sired. Such an amendment was introduced two 
years later and passed in 1924. It read as follows: 

The number of active members shall be limited to two 
hundred. Active members, whose membership has ex- 
tended throughout 20 years, will automatically be trans- 
ferred to emeritus membership, and those whose mem- 
bership has extended throughout 10 years or more may 
at their own request be transferred by the Council to 
emeritus membership. Emeritus shall be en- 
titled to attend all meetings, but not to vote or hold 
They shall be exempt from dues. 


members 
( fice. 


This was modified in 1929. That year, Coun- 
cil heard a letter from Dr. Reginald Fitz urging 
that membership in the Society be increased to al- 
low men to be elected earlier in their careers. 
After lengthy discussion, it was the consensus of 
the Council “that the Society should be kept in the 


hands of younger men.” To effect such a policy, 
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rather than lift the ceiling on membership, it was 
decided to make transfer to emeritus standing au- 
tomatic at the age of 45. Dr. Walter W. Palmer 
was delegated to present an amendment to that 
effect at the business meeting and it was ap- 
proved the following year. With its adoption, 55 
members moved into the emeritus class. 

Still another indication that the Society was 
rapidly splitting its original seams was the dis- 
cussion, on several occasions, of the possibility of 
establishing subsidiary societies in order to ac- 
commodate the younger men. This matter first 
came up in 1921 when President Leonard G. 
Rowntree (28) called attention to the Society’s 
obligation for “the diffusion of a scientific spirit.” 
‘fter dealing at length with the elements of this 
spirit—its acquisition, cultivation and dissemina- 
tion—he opined that the Society could, and should, 
considerably more to further it. To this end, 
advocated the formation of local societies on 


do 
he 
which the Young Turks might draw for their 
membership and appointed a committee consisting 
of Drs. Miller, Peabody and Hewlett to explore 
the possibility. The committee’s report, made the 
following year, follows: 


After investigation and consideration of the subject your 
committee believes it inadvisable at the present time to 
establish branch societies. In all of the larger cities there 
are medical organizations in which the young man in 
internal medicine may become a member and thus ob- 
tain the which from with 
others. 

It is recommended, however, that every member of the 
Society try to keep in touch with younger men of special 
promise in his community and encourage them to qualify 
for membership in this Association. By pursuing this 
course all eligible physicians may be given the oppor- 


stimulation arises contact 


tunity to become members. 


The idea, however, did not die. Despite the 
committee’s optimism, there was a clear need to 
make provision for the rapidly rising numbers of 
young men eager to participate. Dr. Meltzer was 
among those who expressed concern over this 
matter, as evidenced in the following account by 
Dr. Pratt (8): 

I saw him (Meltzer) in New Haven a few months be- 
fore his death (in 1921). He was in bed recovering 
from a severe attack of cardiac asthma during the pre- 
ceding night. I had arranged a consultation with Wilder 
Tileston. When we entered the room, Dr. Meltzer re- 
fused at first to discuss his own symptoms but at once 
began to talk about the Society for Clinical Investiga- 
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tion. He said “I think the Young Turks are getting 
rather old. I believe there is a great need for a second 
society composed of younger men.” Even at the time he 
spoke, which must have been ten years ago, conditions 
were similar to those that existed when he formed our 
society. 

The need for a junior organization is still greater 
now (1934). Young men have to wait as long before 
they gain membership in the ASCI as we were com- 
pelled to thirty years ago before getting the privilege of 
presenting our work before the AAP. 


The idea of junior societies was particularly dear 
to Dr. Rowntree and in 1927 he and his colleagues 
at the Mayo Clinic proposed the formation of the 
Central Society for Clinical Research. In a letter 
to the Council, Dr. Rowntree asked the blessings 
of the Young Turks for the new organization. 
After lengthy discussion, the Council drew up the 
following recommendation for presentation at the 
business meeting : 

In view of the benefits to be derived by younger men 
in a society for clinical investigation, this Society is glad 
to learn that the organization of a society with a similar 
purpose is contemplated in the Central West. The Coun- 
cil heartily endorses this move and recommends that this 
Society extend its best wishes for the immediate success 
of the new society. 


This recommendation was approved by the mem- 
bership initially, but as the business meeting drew 
to a close, Dr. Alfred E. Cohn moved to re-open 
discussion and suggested that the chair appoint 
a committee to consider relations of the Young 
Turks to other societies for clinical investigation 
in the United States. 
committee consisting of Drs. Homer F. Swift, 
Although 
the minutes note that it was dissolved two years 
later, no account of its findings is given. 
ably, although the Young Turks did not feel it 
desirable to affiliate in any formal manner with 
the new society, its formation, like that of the 
for Clinical 


His motion carried and a 
Rowntree and Longcope was formed. 


Presum- 


American Federation Research in 
1941, was regarded as a happy, if only a partial, 
solution to the membership problem. Proceedings 
of the Central Society’s annual meetings were pub- 
lished in the Journal of Clinical Investigation for 


a good many years. 


Despite such indications of growth, the Society 
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up until the Second World War retained many of 
the attributes of an intimate, informal organiza- 
tion. members reminisce about the 
“good old days” when meetings were small—say 
100 or 150 in attendance—and the “boys took 
down their hair and tore into each other.” Not 
the least of the benefits derived from such meetings 
were the friendships they fostered. In this re- 
spect, the ‘extracurricular activities” of the Young 
Turks were frequently as important as the sci- 


Emeritus 


entific sessions, and a number of traditions evolved. 
It was customary, after adjournment, for mem- 
bers to reassemble in small groups in the hotel 
rooms to rehash the program—with or without 
the usual beverages of prohibition days. Later, 
many of the post-meeting discussions were held 
at the Brighton Hotel where members “let down 
the bars” over the famous Brighton punch, a rum 
drink remembered almost universally by men who 
were active in the Society during the late ’30’s and 
"40's. 
molished and, although its successor—the Colony 
Resort Motel—still has proprietary rights over the 


Since then, the Brighton has been de- 


“Brighton” punch, the luster associated with it in 
the old days is gone. 

From the Brighton, the Young Turks often 
proceeded to Hackney’s for lobster and thence, 
not infrequently, back to the Brighton. In any 
case, it was, traditionally, ‘‘a pretty rough night.” 
The aftereffects were equally traditional. Ac- 
cording to one member, “No one ever came back 
without some kind of intestinal upset,” a situation 
which their wives blamed on drink but which the 
Young Turks themselves were inclined to attribute 
to lobster. There was some truth in the latter in- 
terpretation for, as another member put it, 
“There is little doubt that Atlantic City sea food 
had been a long time away from the sea—it usu- 
ally came from New York.” 

Whatever the truth may be, it should be em- 
phasized that these annual “Monday nights” were 
profitable as well as enjoyable. They resulted in 
the formation of many close and lasting friendships 
and saw, no doubt, the excited conception of many 
ideas which were to come to life in the form of 
substantial contributions to the progress of medi- 
cal science, 
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CONFLICT AND COMPROMISE, 
1930-1945 


III. 


Scientific Soul-Searching 


The burgeoning of interest and activity in clin- 
ical research which had accompanied the Society’s 
first 20 years of existence was not regarded by 
all investigators as an entirely unmixed blessing. 
By 1930, there was a fair danger that the wave of 
popularity on which investigative medicine seemed 
to be riding would turn into a veritable deluge, 
swamping the “boat of progress” to which Dr. 
Meltzer had decades earlier 
and wresting it from its course. There seems, in 
fact, to have been some confusion as to what the 


alluded some two 


true course was, a matter which received con- 
siderable attention during the Society’s third 
decade. Dr. Loeb, president in 1936, made some 
particularly pungent observations on the situation 


(27): 


Keeping pace with the spirit of abandon which char- 
acterized the florid twenties, clinical investigation ran 
riot, recognizing no bounds, philosophical, intellectual, 
technical or financial. . . . Under this spell of enthusiasm 
it seemed reasonable to expect that with organized groups 
of investigators, spacious laboratories, endless equipment 
and technical assistance the mysteries of medical science 
before the concerted onslaught and bow 
Medical students and young graduates, with- 
‘Geist” or other qualifications, were 
They might cooperate in 


must bow 


promptly. 
out consideration of 
urged to enter laboratories. 
the contemplated discovery of the etiology of cancer or 
they might be set the task of counting paving blocks—it 
was immaterial, but all in the name of science. 


From many quarters, voices were being raised 
in concern over what Dr. Loeb termed “this great 
orgy of clinical investigation.” Prevailing atti- 
tudes, underlying concepts, methodological con- 
victions Were the 
universities turning out anything more than rank 
after rank of highly skilled technicians? Was 
there any coherence amidst the feverish flurry to 


all were called into question. 


produce and publish; or were physicians, in their 
zeal to be men of science, concerned only with the 
fragmentary analysis of the phenomena of disease, 
failing in their haste to ask significant questions 
and ponder the meaning of their answers? Were 
some being motivated merely to do the “fashion- 
able” thing? Why the deification of measurement, 
the aura of sanctity surrounding experimentation ? 
Had clinical investigation been too narrowly de- 
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fined? Was it losing sight of its “clinical” as- 
pect? Wherein lay its future? 

These were among the questions being debated 
throughout the late 1920’s and ’30’s. Certainly 
some of them had been asked and answered ear- 
lier, and certainly most of them continued to be 
re-asked and re-answered later. But, roughly 
speaking, such questions seem to have come into 
particular prominence during the Society’s third 
decade. 

The writings of Dr. Alfred E. Cohn are illus- 
trative of the type of re-examination of medicine’s 
philosophical bases which was prevalent in some 
academic medical circles of that day. Many of his 
essays dealt with the question of whether clin- 
ical medicine could legitimately be considered a sci- 
ence, a question which was still much debated 
during the 1930’s and which, particularly in 
British medical circles, was quite often answered 


in the negative. Cohn was an ardent apologist 


for the view that medicine was, indeed, a science 
and one of his earliest (1924) essays, “Purposes 
in Medical Research: An Introduction to the 
Journal of Clinical Investigation,’ was devoted 
to a discussion of this belief (29). The following 
excerpts from this article may serve to indicate 
his general approach. 

After enumerating historical instances in which 


medicine, to its detriment, had been sidetracked by 


attempting to borrow the methods of other dis- 
ciplines (the iatro-mathematical school of Borelli, 
for example) for application to the problems of 


human disease, Dr. Cohn said: 


The employment of a method presupposes that... 
the method selected is advantageous in the solution of 
the problem. ... Mathematics, mechanics, physics, 
chemistry, physiology as independent disciplines has 
each had its proper objects of inquiry; all have been 
aware of their appropriate problems in the phenomenal 
world. . . . But the primary objects of interest in medi- 
cine cannot properly be stated in terms appropriate to 
them. . . . Medicine must, like the other sciences, be 
properly credited with having specific objects of interest 
on its own account. If it is true that medicine has not 
always been clear as to what these objects are, this may 
be due to the fact that the definition of its objects has 
not always been clear. It may perhaps be for this rea- 
son that it has so often been deflected from the straight 
path of its proper pursuit. 


In proceeding to his own definitions of the 
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“legitimate scope and objects” of medicine, Dr. 


Cohn said: 


The phenomena of interest in medicine are the phe- 
nomena of disease as these are manifest in affected per- 
sons. They are phenomena which exist as concrete en- 
tities in nature, they are indivisible, and they fall within 
the province of no other inquiry. They constitute the 
proper concern of medicine. .. . When we come to the 
question of how to investigate them we find that they 
are to be studied by no single methodology any more than 
are those of the (other) ... sciences. The methods to 
be employed are those which are appropriate to illumi- 
nating the specific problems in question. 


The increasing tendency among investigators 
to adulate experimentation at the expense of the 
descriptive method received the frequent attention 
of critics during these years. It reflected a sig- 
nificant change then occurring in medical re- 
search: the growing reliance of clinical investi- 
gators on experimental and quantitative methods 
(11). The shift produced a rift of some propor- 
tions among clinicians. The experimentalists 
regarded representatives of the descriptive school 
as being somewhat old fashioned, while the latter 
decried tendencies to limit the definition of re- 
search to experimentation alone and, in the words 
of Shryock (11), to accept “any experimentation 
whatever as ipso facto worthwhile.” This split 
affected the Society as well. By the late 1930's, 
most of the members of the Council were experi- 
menters and, according to Dr. Isaac Starr (30), 
“looked upon the descriptive school as being 
dated.” This fact inevitably influenced the Coun- 
cil’s selection of candidates for membership and, 
as would be expected, brought numerous reper- 
cussions. 

In 1931, Dr. Francis G. Blake touched on this 
issue during the course of his presidential address 
(31). 


from the Society’s constitution—‘by the methods 


Discussing the meaning of the phrase 


of the natural sciences”—he said: 


At the risk of stressing the obvious, let me make it 
clear at once that I conceive this phrase to refer, not to 
the techniques or tools used, but to the methods of ap- 
proach employed in the natural sciences. There are, of 
course two methods—on the one hand, observation, analy- 
sis, and deduction, the so-called descriptive method, still 
held honorable by some because of its antiquity if for no 
other reason; on the other hand, the inductive, experi- 
mental method, held, it would appear, in higher esteem 
by most because of its relative youth and vigor. 
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He continued by calling argument concerning 
the relative superiority of either method a “some- 
what fruitless pastime” and terming “narrow 
and partial” the view that the experimental ap- 
proach was necessarily preferable. Both, he said, 
have their proper place. The important thing was 
that the investigator stop to think about what it 
was he hoped to accomplish, regardless of which 
method he chose. 

The importance of clinical observation was fur- 
ther emphasized by Dr, John R. Paul in 1938 in 
an address entitled “Clinical Epidemiology” (32). 
He outlined what he called a “new science” in 
which he proposed that Society members take part 
by making observations on what happened to pa- 
tients outside of the hospital as well as inside. 
Thus it was a science concerned with the circum- 
stances, whether functional or organic, conducive 
to disease. But to qualify for the name “clini- 
cal,’ Dr. Paul said, such a science would have 
to concern itself with the interpretation of these 
circumstances, branching out from a study of the 
sick individual to a study of his situation, bringing 
critical judgment to bear on the context out of 
which disease had arisen. Such a concept, Dr. 
Paul noted, was old hat to the family doctor. 
But, he said, ““Now that emphasis, for this So- 
ciety at least, has shifted away from the home and 
into the Hospital and Dispensary, clinical epi- 
demiology will be practiced only if we take thought 
of it.” 

The real value of such studies, Dr. Paul empha- 


sized, lay not simply in the discovery of new in- 


trinsic or extrinsic factors, but in the discovery of 
new concepts. He continued: 

This is all so obvious that it hardly seems worth men- 
tioning, and yet a dominant thing about some of our 
present notions of causative factors is that unless they fit 
into a modern pattern of our own liking they are apt 
to be overlooked. Of late years, conservative opinion 
does not allow anything to be really considered as “eti- 
ology” unless we can succeed in getting it into a test 
tube, unless we can precipitate it—unless we can crystal- 
lize it, as it were. This is due of course to our current 
methodology which has, perhaps, become more of a re- 
ligion than most of us realize. I think it may have led 
to a slightly narrow interpretation of clinical investiga- 
tion on our part, for clinical investigation must be given 
the opportunity to spread itself up into philosophy if it 
will, as well as down into the basic sciences. 
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Although there was no serious argument with 
the need for a philosophical and synthetic ap- 
proach to experimental medicine, the main cur- 
rent of development in clinical investigation con- 
tinued to be analytical as new chemical and physi- 
cal methods were introduced into the study of dis- 
ease processes. Despite the paternal admonitions 
of many of the older members, the Young Turks 
continued to seek the “precipitates’’ and ‘‘crystal- 
line substances” associated with disease. In this 
search they were aided by a multitude of new in- 
struments rapidly becoming available for appli- 
cation to clinical problems, instruments which 
frequently opened up whole new areas for re- 
search (11). Medical technology grew increas- 
ingly complex. At one point, it was seriously 
suggested that medical schools should establish 
separate “departments of instrumentology” for the 
common use of all staff members, a development 
which might have avoided what Dr. Carl V. 
Moore called in 1954 “scintillation counter-Beck- 
man disease” in which every department and 
laboratory engaged in the conspicuous consump- 
tion of apparatus to the detriment of the budget 
and without regard for duplication (33). 

Some of the older members viewed with alarm 
what seemed to them a bewildering succession of 
The 


younger men, they felt, in their anxiety to succeed 


“fads and fashions” in medical research. 
in the “right” field often made idols of each new 
methodological innovation that came along, wor- 
shipping now “at the shrine of the colorimeter,” 
then “at the shrine of the electrocardiogram” and 
later still, “at the shrine of the potassium ion.” 
While some such cautioning was undoubtedly 
well-taken, the majority of the young men on the 
firing line felt that they were able to adopt new 
methods and acquire new technical skills without 
losing perspective on the ends which were thereby 
being served. The science of clinical investigation 
was, in the long run, greatly enriched by the 
growing array of instruments and_ techniques 
which enabled clinicians to transcend simple ob- 
servation in their study of the mechanisms of 


disease. 


Space, Time, and Learned Societies 


Moving out of the ’30’s the focus of presidential 
concerns seemed to have undergone a slight shift. 
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Greater emphasis was placed on what might be 
called functional aspects of the organization— 
specific policies or general considerations of pur- 
pose—and less on scientific points of view. True, 
the two are in some sense opposite sides of the 
same coin. The scientific substance which com- 
prises the Society’s “raison d'etre” is, at bottom, 
the factor which determines its policies and which 
must be kept in mind in guiding its practical af- 
fairs. But, whereas presidents during the ’30’s 
seemed to concentrate on the scientific side of the 
coin, those of a little later period tended to re- 
verse it. Thus, Dr. Tinsley R. Harrison (34) 
dealt, in 1939, with what he called “institutional 
( This address, incidentally, was 
Dr. Harrison 


arteriosclerosis.” 
never delivered before the Society. 
had prepared it for the meeting and submitted it 
to the Journal, but in a last minute burst of enthu- 
siasm about some research which had just been 
done in his laboratory, he decided to tell the 
Young Turks about that instead. The originally- 
scheduled address was, however, printed in the 
Noting that medical societies and medi- 
cal like other cultural organizations, 
were subject to decay, Dr. Harrison suggested 
that the root of the trouble, so far as intrinsic 
causes were concerned, was failure to select the 


Journal. ) 
schools, 


best possible men. 

In drawing attention to the importance of 
choosing good men, Dr. Harrison touched upon 
one manifestation of a more fundamental prob- 
lem, one which had become increasingly trouble- 
some as the boom in research activity brought 
pressure on the Society to expand its membership 
and scientific programs. It was a problem which 
Dr. Isaac Starr treated more extensively when he 
succeeded Dr. Harrison to the lectern in 1940: 
that of the conflict, common to many learned 
societies, arising out of the dual aims of setting 


a standard and performing a service (35). 


Dr. Starr, according to the minutes of the 1940 
meeting, “addressed the Society on the subject 
of functions and dysfunctions of learned societies, 
providing ingenious models representing impor- 
tant concepts of space and time in their relation to 
the duties of said societies.” This was in refer- 
ence to what must have been one of the lighter 
moments on that year’s program, a demonstration 
staged by Dr. Starr with the assistance of what 
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was described as “a curious looking object which 
at a distance resembled an orange thrust through 
with a multitude of long steel knitting needles 
that radiated from it in all directions . . . placed 
beside a clock.” It was, the president solemnly 
explained, “‘a representation of our Society radi- 
ating its beneficent influence in almost every di- 
rection, . This timepiece,” he continued, “is 
an integral part of the model, for it indicates that 
the influence of our society extends, and will ex- 
tend, throughout time.” It was also, as Dr. Starr 
went on to announce triumphantly, a demonstra- 
tion of interorganizational one-upmanship, for the 
addition of the clock made his model four dimen- 
sional and therefore one dimension up on that pro- 
duced by his friend, Dr. DuBois, for the benefit 
of the AAP audience the preceding year (36). 

Dr. Starr’s visual aids, however, supplemented 
an otherwise serious talk in which he discussed 
the two functions of the Society—those of per- 
forming a service and of setting a standard. 
Among its services he enumerated first, the publi- 
cation of the Journal which he termed a “‘godsend” 
to “those of us who are considered to be clinicians 
by physiologists, biochemists, and immunologists ; 
and considered to be physiologists, biochemists, 
or immunologists by most clinicians.” By serving 
as an organ for clinical research made by quanti- 
tative methods, the Journal, he said, was “in the 
forefront of that change from descriptive and 
qualitative methods to the more exact quantitative 
measurements which has made possible the 
great advances of physics and chemistry and may 
well produce as great a revolution in medical 
practice.” 

Second among the Society’s services he listed 
the annual meetings. Here, Dr. Starr was a little 
more critical. “Our programs have contained 
very little of what might be called synthetic think- 
ing,” he said. Insistence on demonstrated fact 
had been important in rescuing medicine from the 
“fanciful speculation” that had characterized it 
100 years earlier, but, Dr. Starr stressed, all facts 


are not equally important: 


In every investigation there is a period when one must 
decide which facts are worth discovering. To do this 
logically, one must picture to himself what the situation 
is... . In my opinion, our program would be improved 
by studying the methods of the great English school of 
physiologists whose members have never been afraid to 
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attempt to synthesize the facts into simplifying theories. 
.. . We are spending much time, effort, and money in 
our clinics accumulating records, apparently in the pious 
hope that some day somebody is going to synthesize 
something useful from the multitude of data they contain. 


The Society’s third means of performing a 
service was considerably less tangible, Dr. Starr 
said, but no less important. It consisted of fos- 
tering acquaintance among investigators. Often, 
he felt, personal questioning revealed far more 
about a subject than did reading of the literature, 
and he expressed the hope that contacts afforded 
by Society meetings would be of the sort to facili- 
tate cooperation rather than to create rivalry. 

By and large, Dr. Starr thought, there was 
little doubt about the quality of the services ren- 
dered by the Society. The real problems began 
when it attempted to exercise standards through 
such functions as the selection of members and of 
papers for the scientific program and the Journal. 
In all cases, the pool from which selections had 
to be made was large in comparison with the num- 
ber which could be chosen; the task of selecting 
was complicated and mistakes inevitable. This 
underscored his final point—that the dual func- 
tions he had outlined were to some extent con- 
flicting : 

There are some who think that the membership should 
be enlarged and the program expanded. Their aim is to 
improve the service given by the Society. 
posed by others who point out that such a 
would lower our standard of excellence. 

Too much emphasis on standards is a cause of decay; 
often it is a psychological defense mechanism set up by 
persons no longer productive. The organizations which 
become more and more exclusive tend to die of dry rot. 
Mistakes made in the enforcement of the standard make 
them ludicrous. . . . Nevertheless, while undue insistence 
on standards causes difficulties, abandoning them too far 
in the interest of service brings troubles of another sort 
For then the door is opened for the man 


This is op- 
change 


in its train. 
whose real aim is personal advertisement rather than 
the search for truth. 
to be too long. Societies with low entrance requirements 
become so large that friendship between the members be- 
comes impossible and the personal service on which I lay 


Uncensored programs are likely 


so much value is non-existent. 


Thus, Dr. Starr continued, a compromise between 
services and standards was necessary and in at- 
tacking this problem, as well as others, he felt 
Dra- 


that two principles should be kept in mind. 
In all its 


matically, then, he produced his model. 





1816 ELLEN R. 
four-dimensional glory it was intended, he said, 
to illustrate his first point : 


In dealing with learned societies, let us preserve our 
sense of humor. In some of the letters received by the 
secretary a sense of humor has seemed strangely lack- 
ing. 
must be corrected tomorrow. 


The errors of today, if they be errors, can and 


He concluded by urging as a second general 
principle the greater use of ordinary processes of 
democracy. All too common among medical so- 
cieties, he said, was the tendency of members to 
let officers handle all the affairs and to be negli- 

Against 
Turks to 


gent in attendance at business meetings. 
this tendency he cautioned the Young 
be on their guard. 

Dr. Starr’s message is an important key to an 
understanding of the basic issues at stake in the 
So- 


From the outset, 


debates and decisions which constitute the 
ciety’s policy-making history. 
the Young Turks had stood for quality in clinical 
investigation but, while it was never suggested 
that the traditionally high standards should be 
sacrificed, the problems of maintaining them in 
the face of recurrent pleas for enlarging the 
membership and expanding the program—pleas, 
essentially, for an extension of services—grew 
more and more difficult. As Dr. Starr pointed out 
more recently (30) : 

While | the (1939-40) the 


problem of policy being vigorously debated was one much 


was a member of Council 
to the front throughout all American learned societies. 
Of the societies senior to ours, the Association of Ameri- 
can Physicians had taken one course; that is, it had 
continued a policy of limited membership and still has 
maintained that tradition, and (has) continued the tradi- 
tion, of one program. On the other hand, the societies 
of the Federation, like the Society, fol- 
lowed the course of admitting everybody who seemed 
to 
paper, and simply expanding the program 


Physiological 


to be qualified, allowing every member present a 


until there 


was a multiplicity of simultaneous sessions. 


For the Society, the decision was not quite so 
clear-cut. Debate over membership policy and 
type of program had been a continuing phenome- 
non since Dr. Meltzer’s fervent plea at the 1914 
meeting, but during the 1930's, the problems of 
accommodating more men and more papers be- 
came particularly acute. 

The Young Turks had entered the ’30's with 
their collective heads bumping against the 200- 
member ceiling which had been imposed in 1924— 
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the 1929 catalogue lists 201 active, and 34 emeri- 
tus, members, When, in the following vear, 
transfer to emeritus standing became automatic at 
age 45, some head room was provided, but the re- 
preive was only temporary. The number of can- 
didates tended upward while the number of avail- 
able places fluctuated but little and, by 1938, mem- 
bership in the active category had climbed back 
to 199 174, 


Thus, within 10 years the Society had once again 


and emeritus members numbered 
reached its upper limit and as it emerged into 
the succeeding decade it had, literally, to raise 
the roof. Constitutional amendments introduced 
in 1941 abolished the limit of 200 and established, 
instead, a quota on the number to be admitted 
annually—either 25 or the number corresponding 
to the of transfers to status, 


whichever was larger. Although these changes 


number emeritus 
effected a slightly more flexible membership pol- 
icy, they did not forbode a significant increase in 
the Society’s size, and it was in this year that Dr. 
Christian led a number of the disgruntled candi- 
dates off in search of a new society, the American 
Federation for Clinical Research. 

Not only the size, but the composition of the 
We have 


already noted that the experimentalists were at 


membership was called into question. 


odds with representatives of the older descriptive 
school. There was, in addition, some debate aris- 
ing out of the increasing degree of specialization 
in clinical research and its effect on the selection 
of members and programs. According to Dr. 
William S. Dock (37), an active member through- 
out the 1930’s and early 1940's, “The row over 
making us all good internists, equally interested 
in physiology, biochemistry, microbiology, endo- 
crinology and hematology or specialists listening 


only to other specialists began during this period.” 


In later years as well, members have alternately 
petitioned Council to restrict membership to in- 
ternists or to counterbalance their preponderance 
by admitting larger numbers representing other 
clinical specialties or the basic sciences. Pressure 
has been exerted, too, for sectional meetings for 
the presentation of papers dealing with subdi- 
visions of clinical research, but not until very re- 
cently has this suggestion been effected through 
the joint Society-Federation programs. 

Problems have arisen, too, in connection, with 
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the criteria to be used by the Council in the selec- 
tion of members. There have been instances in 
which men of recognized merit as teachers pre- 
sent but limited evidence of productivity as in- 
vestigators. Often, these are men of outstanding 
ability, highly esteemed by their colleagues in 
academic circles, and it is a ticklish matter to ex- 
clude them from membership on the basis of their 
Another delicate con- 
sideration sometimes arises in connection with the 
academic affiliation of a nominee. There is an in- 
evitable tendency to regard a candidate from an 
outstanding institution with greater favor than a 
candidate from a less well known school, pri- 


limited research activities. 


marily because the standards against which the 
former has been measured and the men with whom 
he has worked are a known quantity to the mem- 
bers of the Council. On the other hand, there 
have been vigorous debates over nominees from 
lesser institutions who, although sometimes less 
qualified on an “absolute” scale, have made sig- 
nificant achievements relative to the conditions 
under which they have worked. Decisions in 
such cases involve the more fundamental prob- 
lem of how the Society can best promote “the 
cultivation of clinical research’— whether by rec- 
ognizing the prior attainment of high standards 
or, in some cases, by fanning a spark of interest 
and ability in research existing in the “outlying 
regions” where less favorable circumstances 
prevail. 

The question of expanding the program beyond 
the traditional single session, single day limits has 
been one of the most vigorously contested issues 
in the Society’s history. In 1921, a two day ses- 
sion was considered and rejected; in 1927, the di- 
vision of the meeting into three sections was con- 
sidered and rejected ; and in 1932, an evening ses- 
sion was considered and rejected. Thereafter, the 
issue raised its troublesome head with almost an- 
nual regularity. No sooner was it disposed of at 
one meeting than it would be reintroduced at the 
next and a new proposal for its solution subjected 
to a repeated vote. Probably no other problem 
has received such persistent attention from the 


membership at large—it seems to be one of the 


few issues which was handled as often on the floor 
of the business meetings or through the mails as 


it was in the sessions of the Council. 
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The advocates of change won out for the first 
time in 1934 when approval was given for a trial 
departure from tradition for the following year. 
Thus, the twenty-seventh annual meeting of 1935 
was divided into two simultaneous scientific ses- 
sions with 22 papers scheduled for presentation in 
each. The success of this innovation was dis- 
cussed at a general business meeting following 
the completion of the double program and a vari- 
ation adopted for the following year. The 1936 
meeting, thus, consisted of a general morning 
This 


plan, actually, provided no solution to the prob- 


session and a double afternoon meeting. 


lem of an oversupply of papers for only nine were 
scheduled for each of the three half day sessions 
and the total of 27 thus presented was no greater 
than that normally appearing on single session 
programs. 

After these two years of experimentation, how- 
In 1936, 
“after mature consideration of the question,” it 
was the opinion of the Council that “the interests 
of the Society could best be served by a return to 
the single session program.” What these “best 
interests” were is summed up in the following 


ever, the Society hastened to retreat. 


views expressed by Dr. Paul (38): 


In retrospect, at least, I believe that the Society’s 
strength was enhanced by the fact that it took upon it- 
self the task each year to pick the best from a long list 
of titles and to condense their presentation into a single 
day. 
went in for quantity rather than quality. 
sometimes about four times as many titles 
mitted to the Society as were actually presented and 
loud was the complaint from some that good material 
However, in the long run this 


This was not the practice of other societies which 
It meant that 


were sub- 


was not being heard. 
seemed to react favorably and it never seemed to deter 
the membership from submitting its long list of titles. 
It also served to raise the stature of the meetings. To 
be chosen as a speaker at the American Society for Clini- 
honor of growing 


cal Investigation has become an 


importance. 

Although it was such considerations as these 
which led to the 1936 Council decision, a final 
settlement to the problem had not been achieved. 
Criticism of the selection of papers was sometimes 
quite vehement, presidents being accused, on oc- 
casion, of biasing the programs in the direction of 
their own scientific interests or of taking con- 
siderations other than merit alone into account. 
Dr. Paul recalled “a storm of protest’ one year 
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when the president announced that he had leaned 
heavily on the geographical distribution of authors 
in making his choices. Dr. John P. Peters, whose 
voice was often raised and usually respected in the 
Society’s decisions on policy was especially vocifer- 
ous in disapproving this particular innovation. 
Thus, the debate went on. In 1939, a new Coun- 
cil voted to resubmit the type of meeting question 
to the Society, urging by a five to one margin 
that the double be reinstated. 
Opinion among the general membership, however, 
At the general business 


session program 
was more evenly divided. 
meeting, the Society voted to retain the status 
quo although the double session plan lost by only 
seven votes (47-40). In 1940, the Council again 
took up the question, this time in response to a 
Dr. 
The matter was resolved by conducting a post 


letter from Peters urging reconsideration. 
card ballot, among active members only, in time 
to permit decision as to the form of the 1941 meet- 
ing. A similar referendum was held prior to the 
1942 meeting and on both occasions a plurality 
favored a half or whole day double program at 
the discretion of the president after inspection of 
With this 
mandate from the membership, Presidents Wil- 
liam B. Castle (1941) and William S. Dock (1942) 


scheduled double morning and single afternoon 


the quality of the abstracts submitted. 
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sessions at which, in each year, a total of 45 pa- 
pers was presented, 

World War II twice disrupted the orderly pro- 
gression of annual meetings—in 1943 and 1945. 
In response to a memorandum from the Office of 
Defense Transportation requesting the cancella- 
tion of meetings during 1943, President Eugene 
M. Landis wrote for clarification of the Society’s 
status, outlining the nature of its meeting and the 
expected attendance. <A reply from the Director 
of the Division of Traffic Movement indicated 
that the final decision was up to individual organi- 
zations themselves, but that unless the meeting 
had a direct bearing on the war effort, its omis- 
sion would be greatly appreciated in light of the 
need to alleviate the burden on transportation fa- 
The Council members were unanimous 
in their the 1943 
Similar considerations applied in 1945, 


cilities. 
sessions. 


In both 


decision to cancel 


years, Council members met in Cleveland, Ohio, 


to carry out such routine functions as the nomina- 
tion of officers and new members and to transact 
other necessary business. Decisions, along with 
the minutes of the meetings, were transmitted to 
the membership for approval by mail. 

These war years were thus a kind of inter- 
lude in which little significant action could be 
taken and in which pressing problems were tem- 
porarily shelved. 
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IV. THE TEMPERING OF TRADI- 
TIONS, 1946-1959 


If clinical research activity had boomed in the 
1920’s and 1930's, it exploded in the years follow- 
ing World War II. In the interval 
1945 and 1955 alone, the number of physicians 
trained in clinical investigation increased tenfold. 
The funds available for medical research like- 
wise multiplied at a rapid rate, in large part due 
to the entry of the federal government into the 
support of scientific activities on a massive scale. 
According to Dr. W. Barry Wood, Jr., president 
of the Society in 1952, there are some who believe 


between 


that the postwar growth of clinical investigation 
has actually been too great in proportion to the 
growth of research in the basic sciences (although 
the latter has also increased tremendously). This 
point of view stands in striking contrast to that 
professed by Dr. Meltzer in 1909 and serves to 
indicate the amazing changes which have taken 
place in the status of his “new science.” 

The effects of such changes on the Society's al- 
ready swollen membership ranks need not be elab- 
orated. Suffice it to say that when the Atlantic 
City sessions were resumed in 1946, many of the 
internal still 
present, but in the postwar years they have taken 
Not only, for 
example, did the Society have to decide what to 
do about a mounting number of nominees. In ad- 
dition, it had to decide what to do about an un- 
The funda- 


same and external tensions were 


on new and complicating aspects. 


precedented number of spectators. 
mental conflict between high standards and more 
extensive services manifested itself anew in such 
bitterly-disputed decisions as the move to the 
Steel Pier Theater and in the continuing debates 
over membership and programming policies. In 
some matters, the decisions of an earlier day were 
reaffirmed. 
ify traditional policies in accordance with the de- 


In others, it was necessary to mod- 


mands of changing times. 

After lying dormant for a number of years, the 
“type of meeting” question began to reappear on 
Council agendas after 1949. No longer, however, 
was the central issue one of single versus double 
session programs. Rather, discussions revolved 
about the possibility of extending the program to 
more than one day and of doing so in cooperation 


with the “senior” and “junior” organizations, the 
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Association of American Physicians and the 
American Federation for Clinical Research. 

It is interesting to note that in 1939 and 1942 
Society members had rejected firmly the third 
alternative of a two day meeting. It was this al- 
ternative, however, which received major con- 
sideration in the years following World War II. 
Thus, in 1949, in view of the Society’s traditionally 
close relationship with the Association of Ameri- 
can Physicians, the Council instructed the incom- 
ing president to confer with the incoming presi- 
dent of the Association regarding the possible 
integration of the two programs. If such consulta- 
tion actually took place it apparently came to noth- 
ing and is not mentioned subsequently in either 
the Society's records or the Transactions of the 
Association. Three years later, however, agree- 
ment was obtained on a proposal to extend the 
meeting to a day and a half, provided ‘‘suitable 
arrangements could be made with the Associa- 
tion.” That organization’s Council agreed to the 
change under which the Association would have 
met all day Monday and on Tuesday morning ; the 
Society, Tuesday afternoon and all day Wednes- 
Fortunately or unfortunately, however, the 
plan never got beyond a tentative stage. When 
Haddon Hall Hotel 


could not accommodate Society members on Wed- 


day. 
it was discovered that the 


nesday night, the traditional single day meeting 
was restored to the traditional Monday where it 
has remained ever since. 

Two years ago, in 1957, a special committee 
consisting of Drs. R. V. Ebert, S. J. Farber, J. D. 
Myers (chairman) and L. A. Rantz was appointed 
to consider once again the form of the annual meet- 
ing, and this time a major change was effected. 
According to its report, “The committee decided 
that the time had come when there should be sec- 
tional meetings in our program, that is, meetings 


of appropriate sections of the general field of 


clinical investigation in medicine.” These meet- 
ings were to be in addition to the usual general 
session and were to begin in 1958. They were 
to be held on the Sunday afternoon preceding the 
Society’s regular session, thus running concur- 
rently with the regular meeting of the American 
Federation for Clinical Research. The committee 
met with representatives of the Federation and 


invited that organization to join with the Society 
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in sponsoring the sectional sessions, although it 
was made clear that the Society planned to un- 
dertake the project alone if necessary. The in- 
vitation to joint sponsorship was accepted by the 
Federation, details were worked out by the presi- 
dents of the two organizations, and in 1958 the 
cooperative sectional meeting plan was inaugu- 
rated. Repeated in 1959, the sections are no 
doubt here to stay and represent, it would appear, 
a partial solution to the long-standing problem of 
accommodating a greater number of papers and a 
happy compromise in the controversy over a 
specialized versus general interest program. 
Although the question of increasing member- 
ship was aired by the Council in 1950 and 1951, 
stimulated on both occasions by letters from So- 
ciety members urging expansion, no changes were 
1952. that the 
adopted three amendments which / ) increased the 


made until In year, Society 
annual quota on new members to 35 (previously 
25) or the number equal to the number of retir- 
ing active members, whichever was larger; 2) 
allowed members to request transfer to emeritus 
standing after five, rather than 10, years of active 
membership; and 3) made the nonpayment of 
dues for two, rather than three, successive years 
To date, 


these are the last changes which have been made 


a cause for forfeiture of membership. 
in membership policy. Thus, although the So- 
ciety has made provision for slight increases in 
size, the guiding principle has remained that of 
keeping the organization small and highly selec- 
tive. Addressing the Society in 1957, President 
Stanley E. 
ment in support of this position (39). 


3radley presented an eloquent argu- 


Tracing 


> o-“s = . ° > °° 99 
the evolution of “the tradition of scientific critique 


through the 300 year history of learned societies 
which had been “formed to defend and exploit the 
new (scientific) method,” he discussed in particu- 
lar the Royal Society of London, showing how its 
influence had waxed and waned as it had alter- 
nated between maintaining standards of the high- 
est excellence, allowing them to fall, and again 
he con- 


restoring them to a high level. Then 


tinued: 


The parallels between the story of the Royal Society 
and our own need not be belabored. We, too, are faced 
with the problems posed by an unsettled membership 
policy, by an ill-defined relationship to other groups, and 


by pressure for expansion. ... Our Society also has 
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stood for quality, for the highest possible standards of 
excellence in membership, in the Journal and in the pa- 
pers presented this meeting. ... No standard 
that lacks divine sanction is readily acceptable; jealousies, 
resentments, fears, a host of varied considerations com- 


before 


bine to raise up an active opposition to it. . . . Criticism 
of the Society is especially acrid in connection with the 
choice of new members. In eight years of work on the 
Council . . . I can say with pride that I have never seen 
any consideration other than merit take first place though 
geographical distribution is often urged upon us... . 
More recently there has been pressure to increase the 
membership on the assumption that the number of new 
members should be determined by the number of men 
nominated. The history of the Royal Society shows the 
fallacy and danger of this assumption. If we wish to al- 
low for the growth of the research establishment in this 
country, might gear membership to the number of 
workers listed in American Men of Science, or better 
yet, to the number of subscribers or contributors to the 


Certainly the number 


we 


Journal of Clinical Investigation. 
nominated is a poor criterion of anything but the pres- 
tige of the Society. 

The “prestige of the Society” gave rise to an- 
other problem in addition to the growing number 
of nominees—the problem of the growing number 
of nonmembers attending the annual meetings. 
Acting on the basis of letters from a number of 
members urging that a larger meeting hall be 
found, the Council, in 1950, initiated what is quite 
possibly the most radical change in the entire 
history of the Society—the move from the rela- 
tively small chambers of the Traymore and Had- 
don Hall Hotels to the Atlantic City Steel Pier 
Theater, a huge auditorium. The move was recom- 
mended on a trial basis for 1951 and a short Coun- 
cil meeting following that year’s experimental ses- 
sions resulted in a decision to return in 1952, a 
decision which has been followed ever since. 

The official records of the Society contain only 
two references to the change—the initial decision is 
set down in a three sentence paragraph in the min- 
utes of the 1950 meeting of the Council and two 
additional sentences in the 1951 records suffice to 
indicate that the change was to be permanent. 
Despite this secretarial brevity, however, such a 
move had been under consideration for some 
time prior to 1950 (although probably not before 
the end of the war) and was not greeted with any- 
thing resembling the universal docility which the 
records alone might lead us to surmise. Rather, 
in the words of Dr. Wood, who served on the 


Council between 1947 and 1949, “The move to the 
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Steel Pier was made reluctantly, only after the 
pressure of the audience made it necessary.” The 
decision, when it finally came, Dr. Wood pointed 
out, was the outcome of a struggle between pro- 
ponents of two opposing views: those eager to 
maintain the type of meeting in which informal 
discussion was possible, and those who urged that 
their “inspiration value” be extended to a wider 
audience. In the end, the latter view won out 
but, according to Dr. Wood, “it took quite awhile 
for this to break through.” 

Traditionally, although both members and 
guests had increased in number, the Society had 
adhered to the view that its meetings were the oc- 
casion not simply for the presentation, but for 
the exchange, of ideas relating to scientific work. 
True, time for discussions had undergone con- 
But 


the prevailing atmospheric conditions at meetings 


siderable trimming since the early days. 
had been conducive to easy and informal give-and- 
take. Although intimacy was relative, it had been 
fostered by the closer quarters of such meeting 
places as the Viking and Vernon Rooms of Had- 
don Hall. 


flected the fact that these earlier meeting places 


The migration to the Steel Pier re- 


had been outgrown, but it also symbolized a new 
conception of what the annual meetings should 
represent. The attractiveness of the Society's 
meetings carried with it a degree of “noblesse 
oblige,” and many members began to express the 
opinion that the organization had a direct re- 
sponsibility, not just to its members, but to the 
large audiences and particularly to the medical 
students and house officers who made the annual 
pilgrimage to Atlantic City and derived from the 
meetings renewed inspiration for their own work. 
One of the stated objects of the Society, as set 
forth in the constitution, was, and remains, “ 

the diffusion of a scientific spirit among its mem- 
bers.” In this connection, it is interesting to note 
that at the charter meeting in 1908, Dr. Theodore 
C. Janeway had moved to delete the phrase 
“among its members” from the original draft. 
His motion had failed for lack of a second, but 
perhaps in 1950 the Young Turks came back, in 
deed if not in word, to what Dr. Janeway had had 


in mind. One of their objects, thenceforth, was 


to be “ the diffusion of a scientific spirit” be- 


yond the limits of the membership. 
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Se that as it may, opinion on the wisdom of the 
Steel Pier move remains somewhat divided, al- 
though most members seem to have accepted it 
fatalistically, if not exactly enthusiastically, as 
“inevitable.” There seems to be general agree- 
ment that present day meetings are “different” 
but there are, on the one hand, those who say that 
the move has “‘spoiled the meetings” and, on the 
other, those who say it has merely “changed” 
them. Many who are most vociferous in their 
denunciation of the change end their diatribe 
against the Steel Pier with the concession that 
it does have the advantage of allowing the youth- 
ful audience—‘those who need it most’—to hear 
the results of “the best work done each year in 
clinical research.” Whether this advantage ne- 
gates much else that was formerly of value in 
Society meetings seems still to be an open 
question, 

Older members, who look back to the days when 
discussions were “hot and good,” bemoan the loss 
of intimacy wrought by the change. Back in the 
‘20's and ’30's, they say, the Society was “like a 
family group” in which relations were friendly but 
no one hesitated to say what he thought. 

‘Now that they’ve moved to that Steel Pier,” 
one former president lamented, “no one has nerve 
enough to get up and give the speaker hell. After 
all, you can’t call a member of your family a name 
in front of thousands of people!” 

Another emeritus member, also a past presi- 
dent, was quoted by President Robert H. Wil- 
liams (40) at the 1955 meeting as follows: “ 
The program and the Steel Pier are terrible,” 
said he. “I do not see why these meetings should 
be the occasion for carnivals, in which nonmem- 
bers are ten times as numerous as members.” 

But there are ex-presidents lined up on the 
other side as well. “Discussion is certainly less 
informal,” one of them admitted readily. But, 
noting that “the Steel Pier is very different psy- 
chologically,” he questioned whether speaking 
before a large, impersonal audience where one is 


hardly aware of anything but a vast sea of faces 


is really more difficult than speaking before an 


intimate—and critical—group of personal friends. 
Another ventured the opinion that discussion va- 


ried more from year to year, and always had, 
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than as a function of such external factors as the 
size of the audience or the meeting hall. 

Dr. Williams’ 1955 survey (he had conducted 
an informal poll among active members regard- 
ing their opinions on a variety of Society policies ) 
(40) revealed some further facts in the contro- 
versy. Twenty-nine members (of approximately 
100 who had replied to his letter) indicated com- 
plete satisfaction with the programs. On the 
other hand, 47—nearly half—of the replies he had 
received contained the complaint that discussion 
was inadequate. This shortcoming was attributed, 
among other reasons, to the size of the crowd and 
the embarrassment associated with speaking be- 
fore it.’ Not only the scientific program, but the 
type of personal contact which had characterized 
Young Turk gatherings of an earlier day had 
suffered in the opinion of many. Typical com- 
ments read by Dr. Williams (40) were these: 


{ 


. . . As the crowds at Atlantic City have become so very 
vast, it has become difficult to meet anyone except by 
appointment, and often then, only for brief periods of 
time. 


Or: 


I visualize (the Society) originally as being a rather 
small club which had social function and a high scientific 
standard .. . It is no longer a social club in any sense 
of the word. ... It is with the greatest difficulty that 
I am able to remember who is a member and who is 
not. 


And thus, the controversy continues. Despite 
opinion as to the merits of the Society’s newest 
meeting hall, it does seem in many ways to repre- 
sent a satisfactory compromise in the old conflict 
of standards versus services. For if, as seems 
apparent, the Young Turks have decided against 


any significant easing of membership restrictions, 


they appear to have found in the larger capacity 


of the Steel Pier Theater a means of extending 
their services to nonmembers without sacrificing 
the high standards required for election. 
Preliminary rumblings of pressure for another 
kind of move were heard in 1954 when the Coun- 


7 Other reasons given for dissatisfaction with meetings 


were as follows: Talks too complex or technical, 21 
members; talks not clinical enough, 12; 10 minutes too 
short, 21; a one-day program too short, 13. Correspond- 
ingly, such reasons as inability to understand talks and 
pressure of time were also cited as factors contributing 


to inadequate discussion. 
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cil considered the possibility of meeting in a lo- 
cation other than Atlantic City. In a statement 
prepared for presentation at the business meeting, 
the Council members pointed out that “the prac- 
tice of holding every meeting in the same city in- 
volves certain disadvantages and inequities to a 
large segment of our membership and guests” and 
recommended that a move be given “serious con- 
sideration.” In his presidential address that year, 
Dr. Carl V. Moore included a similar plea (33) : 


The time has come, it seems to me, for us to recognize 
the “American” in our name, to meet in other sections of 
the country as well as here. . . . so that the splendid in- 
fluence of these sessions can be spread over a broader 
section of the country. Men have discussed such a plan 
on the Boardwalk for years; councils have debated it; 
the time is ripe for one of your presidents to recommend 


it from here. 


Dr. J. D. Myers was appointed to represent the 
Society in consultation with representatives of the 
Association of American Physicians and_ the 
for Clinical 
garding the feasibility of such a move. 


American Federation Research re- 


This com- 
mittee’s conclusion, reported in 1955, was that 
“for the forseeable 


future’ it advisable to 


remain in Atlantic City. 


was 
The Council minutes 
state, however, that “the Society will continue 
active exploration of the possibility of meeting 
occasionally in a city other than Atlantic City.” 
that 
tion has been carried out and, to date, neither the 


There is no official indication this inten- 
Society nor its comrade organizations have made 
any overt move in the direction of another city. 
However, the 1954-55 consideration of such a 
possibility reflects certain changes in the modern 
day makeup of American investigative medicine 
With the post- 


war expansion of research activity, numerous new 


and their relation to the Society. 


organizations representing various subspecialties 
of the field have likewise sprouted. As a result, 
the Atlantic City meetings, which formerly were 
considered the high point of the year by clinical 
investigators, have become, as Dr. Wood put it, 
“somewhat diluted.” Their quality has not been 
impaired, but against the background of a year- 
round succession of meetings taking place all 
across the nation the Atlantic City sessions no 
Dr. Wood pointed 


out, furthermore, that the geographical center of 


longer stand out so distinctly. 


research activity seems to be shifting away from 
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the Eastern seaboard. The Society’s composition 
from a geographical point of view was illustrated 
by a diagram presented by Dr. Moore (33) in 
connection with his 1954 address. Dividing the 
nation vertically into three sectors, he gave the 
following figures on the distribution of members 
as of 1954; 


Emeritus 
249 
107 

29 


Active 
176 


62 
30 


East Coast 

Midwest 

Far West 
Although the 1955 decision to stay in Atlantic 
City was based on the fact that it was still the 
most convenient location for the majority of the 
members of the three associations, its disadvan- 
tages are becoming increasingly apparent and 
may portend departure from still another time- 
honored tradition in the future. 

Another of the Society’s traditional positions 
coming up for re-examination after the war was 
its attitude toward medico-political problems. 
Perhaps the most striking change in the overall 
picture of clinical investigation in this country 
since about 1940 has been the growth of federal 
With 


mental agencies offering plums for distribution, 


support for research activities. govern- 
there has been a markedly increased tendency on 
the part of many national medical organizations 
to keep a watchful eye on the federal hand that 
feeds them. Although the Society has usually 
stuck to its traditional scientific preoccupations, it 
has been forced, increasingly, to consider its proper 
attitude toward certain political questions. 

Except for two resolutions which, as previously 
noted, were adopted in 1917, the Society as an 
organization had followed a policy of “noninter- 
vention” in the politics of research, preferring to 
stick to the substance instead. The general feel- 
ing seemed to be that there were more appropriate 
channels than the Society through which indi- 
vidual members could act regarding matters of 
national policy and that nothing should be allowed 
to detract from the essential purpose of the an- 
ot 


This viewpoint is illustrated by a Council 


nual meetings—the consideration scientific 
work, 
decision made in 1938. In that year, communica- 
tions from a number of groups and individuals re- 
questing permission to submit various resolutions 


to the Society had been received. The exact na- 
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ture of these resolutions is not on record, but per- 
mission to present them was denied, not on the 
basis of their content, but because ‘in view of the 
very limited time for our meetings, the considera- 
tion of such subjects by the Society as a whole 
(is) impractical, and any recommendation 
on these matters (is) outside the province of 
Council.” 

Such questions did not come up again until 
after the war. In 1950, Dr. John Dingle, delegate 
to the National Research Council, met with the 
Society's Council to discuss the advisability of the 
Society's acting as a body in expressing views on 
such subjects as federal support of research. Cor- 
respondence between Dr. Dingle and Dr. Thomas 
Hale Ham, then president of the Society, had been 
circulated among the members and some 75 letters 
received in response. After discussion, the Coun- 
cil concluded that many of the political issues at 
stake could be handled most effectively through 
the Society's National Research Council delegate 
and, to assure a closer working relationship, it 
was recommended that future delegates sit with 
the Council and present an annual report for 
Council’s consideration. However, the minutes 
read, ‘Beyond this, it was not thought advisable 
to make any major change in policy of the So- 
ciety. Individual members can act through other 
societies, their own institutions, or boards and 
committees on which they serve.” 

Similar considerations prevailed in 1955 when 
Delegate Thomas Hunter’s report included a re- 
the National Council that 
the Society support a National Research Fellow- 
The that after 
cussion, “Council concluded regretfully that the 


quest from Research 


ship. records state some dis- 


Society was not in a financial position to support 
such a fellowship, but it was felt that the Society 


through its membership was providing consider- 


able support and guidance to the research activi- 
ties in which the NRC is interested.” 

On both of these occasions, the issue of taking 
stands on political policy questions was inter- 
twined with the somewhat more diffuse issue of 
the Society’s relationship to the National Research 


Council. This organization’s membership con- 


sisted of representatives of “constituent societies,” 
members-at-large, and members of the National 


Academy of Sciences. Since 1917, the Society 
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had maintained a representative, but his attend- 
ance at the annual meetings of the NRC’s Division 
of Medical Sciences had apparently amounted to 
little more than a formality. In 1948, however, 
with the NRC coming into greater prominence 
because of its responsibility in handling federal 
funds, the whole question of the rather ambiguous 
NRC-constituent society relationship came up for 
reappraisal. A large share of the credit for the 
initiation of this reappraisal apparently goes to 
Society Delegate Dingle, but his efforts were to 
little avail. Attempts to work out a more pre- 
cise definition of the role of member societies and 
their delegates soon bogged down at the various 
levels of NRC bureaucracy and the Society's 
rather exasperated attitude toward the whole issue 
was summed up in 1951 by Delegate Walsh Mc- 
Dermott in his report to the (Society's) Council: 

Under the present system, the Society representative is 
in effect no more than an emblem on display at the 
(National Research annual meeting to indi- 
cate the good faith of the 


Council's ) 
Society. Accordingly, two 
possible courses of action could be considered: (1) con 
tinue the presentation of the Society representative as an 
emblem ... on the assumption that at some future date 


the role of constituent societies will actually be re 
defined or (2) have the ASCI representation handled by 
one of the numerous members of the Society who would 
inevitably be members of the executive committee of the 
Medical The 


fort necessary for a member of the executive committce 
Society 


Division of Sciences. additional ef- 


to serve also as a representative would be 
trivial. 
The Society’s delegate, as of 1959, is still an “em- 
blem” and clarification of his role still wanting. 
Although Society officialdom remained firm in 
its traditional “hands off” policy where matters of 
state were concerned, there was one occasion on 
which the membership rose up to petition the 
government. In 1954, Drs. T. S. Danowski and 
Eugene A. Stead moved at the Society's business 
meeting to circulate a statement for signatures. 
Critical of a United States Public Health Service 


policy on the allocation of research funds, the 


petition read as follows: 


We, the undersigned members of the American So- 
ciety for Clinical Investigation, are greatly perturbed by 
your recent announcement that competent investigators 
have been United States Public Health 


Service research funds because of allegedly derogatory 


deprived of 


information in their files. We recognize the necessity 


for security clearance of individuals engaged in classi- 
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fied research. However, it is our firm belief that award- 
ing grants for unclassified research on any basis other 
than the value of the project and the competence of the 
freedom but 


investigator endangers not only scientific 


also the basic foundations of our way of life. 

The petition was, of course, a part of the gen- 
eral cry of consternation being raised at that time 
the 
Joseph McCarthy and his followers but Society 


over “un-American activities’ of Senator 
members had, in addition, a more personal motive 
for their action. Government “punishment” of 
individuals on the grounds of alleged disloyalty 
had struck close to home in the case of several 
Society members—most prominently, in the case 
of Dr. John P. Peters. 


nied the use of federal research funds, Dr. Peters 


In addition to being de- 


was dismissed from membership on a Study Sec- 
tion of the National Institutes of Health’s Division 
of Research Grants and Fellowships on anony- 
mous and undisclosed charges of disloyalty (41). 
According to close friends and associates, the 
Dr. 
Peters could have accepted his dismissal quietly. 


charges were completely unfounded and 
His membership on the Study Section was due 
to expire shortly (he had already attended the 
last meeting of his term at the time of his dismis- 
sal). But he chose, instead, to dispute the Loyalty 
Board’s decision. His case was carried to the 
United States Supreme Court and, although he 
was cleared personally, the Court refused to rule 
on the principle which Dr. Peters had hoped to 
establish: the unconstitutionality of loyalty pro- 
ceedings in which the accused was not allowed to 
confront and cross-examine the witnesses against 
him. 

So- 


Dr. Peters’ defense that 


ciety members arose in affixing their signatures 


Thus, it was in 


to the 1954 petition and it was one of his students, 
Dr. Danowski, who led the fight. The motion to 
circulate the statement was approved without dis- 
sent and, at the meeting the following year, it 
was reported that a majority of the active mem- 
bers had approved it. It had subsequently been 
submitted to the Department of Health, Educa- 
and Welfare. Department 


officials expressed appreciation to members of the 


tion Replies from 
Society for making known their opinion and 
advised them that the “problem was under con- 
tinued study.” 

Federal activity, as might be expected, has 
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prompted commentary by Society presidents. In 
an address entitled “Biological Beachheads” de- 
livered at the first postwar meeting, in 1946, Dr. 
Thomas Francis, Jr., expressed concern over 


the possible effects of various legislative proposals. 


for the mobilization of medical research forces— 
fear that coordinated study projects organized 
along the lines of the atomic bomb research groups 
would stifle original thinking; that any federal 
research agency, by the very nature of the ad- 
ministrative principles of a large organization, 
would tend to be ‘founded on orthodoxy” and to 
breed “conformity with accepted opinion” (42). 
Fears such as these were prevalent among sci- 
entists in the immediate aftermath of the war, but 
in a sense they were really old concerns under a 
new guise. It is interesting to recall, for example, 
Dr. Loeb’s denunciation of the ‘research project” 
in 1936 (27) and to note that similar fears— 
particularly as regards the “strings” which might 
be attached to funds—were expressed with regard 
to private sources of support when these had 
come into prominence at a somewhat earlier date 
(11). 

One facet of federal support which sometimes 
poses peculiar problems is that of Congressional 
preference for research leading to tangible prog- 
ress on the problems of specific diseases. This has 
resulted in the channelling of a large share of 
public funds into “categorical” research, a point 
on which Dr. A. McGehee Harvey commented in 
his 1956 presidential address (43). 
the role of the university medical centers in the 


Dealing with 


training of investigators, Dr. Harvey traced sore 
of the academic shortcomings to the financial 
straits in which many departments found them- 
selves. One major difficulty, he pointed out, was 
that of the funds available too many were ear- 
marked for specific research and could not be used 


for general operating expenses, the point at which 


many of the university departments were running 


short. To remedy the situation, Dr. Harvey made 
this suggestion : 


The Federal Government might adopt in the future 
an overall policy of more realistic reimbursement of over- 
head expense to grantees such as it does to contractees 
of Federal research funds. A greater percentage of the 
Federal money for general support of research and re- 
search training in University centers and less of the total 
for categorized research is highly desirable. 
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On other subjects as well, postwar presidents 
have continued to fil! the role of perceptive ob- 
Since 1946, the topics 


to which they have addressed themselves have 


server or unsparing critic. 


been diverse, ranging frei the lessons of personal 
experience to problems and opportunities in medi- 
cal academia, from Society policies to the con- 
temporary status of clinical research. The spe- 
cific problems of today add unique dimensions, 
but the general areas of concern which drew 
comment from an earlier generation of Society 
presidents receive renewed consideration from 
their present day counterparts. 

It is this same combination of continuity and 
change which has characterized the evolution of 
With respect to 
its internal affairs, tradition, as we have seen, has 


the Society to the present day. 


been tempered in the ever-tended fires of con- 
troversy and, although changes have seldom been 
radical, the policies inherited from the past have 
undergone gradual modification in response to the 
needs of the present. Less responsive than some 
would have it, more so than others, the Society 
has evolved its policies through a continual re- 
striking of the balance. The prestige which it en- 
joys today can be attributed in large part to the 
long-standing tradition of high standards which it 
has maintained, at times in the face of vigorous 
assaults from within and without. At the same 
time, present generation Young Turks have not 
allowed their hands to be tied by uncompromising 
adherence to policies established by their prede- 
cessors. Through such measures as the extension 
of its program in cooperation with the American 
Federation for Clinical Research and the expan- 
sion of its meeting capacity, the Society has dem- 
onstrated a necessary flexibility. Though the 
wisdom of these moves may be disputed, they at- 
test to the continuing round of conflict and com- 
promise which seems essential to the future health 
of any organization. 

In a broader sense, however, the history of the 
Society is constituted not in the evolution of poli- 
cies but in the overall development of clinical in- 
vestigation which has accompanied, and _inter- 
acted with, its growth. The real measure of its 
success lies in the extent to which the objects laid 

In this 
In 1957, 


down by its founders have been advanced. 


respect, the Society has a proud past. 
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50 years after the Society was born in the minds of 
a small group of men on the Boardwalk, Dr. Brad- 
ley (39) presented the following testimony to the 
achievements which had taken place during the 


course of its lifetime: 


To the best of my knowledge, no conscious plan was 
ever laid down to attain our Constitutional objectives, 
but the size and interest of the audiences we are privileged 
to entertain each year suggest that the Society may have 
been successful in spite of itself. Medical education has 
undergone an extensive revision in the years since the 
first meeting and there is good reason to believe that 
many members played a major role in the process. In 
time the triumph of the ideals to which these men sub- 
scribed gave lustre to the Society. The standards they 


established in selecting members reflected great credit 
upon and gave distinction to the fact of membership it- 
self. The Journal benefitted as a result of the conspicu- 
ous quality of the papers it was able to attract. The con- 
scious emulation of the accomplishments of the founding 
members has done much to promote “the cultivation of 
clinical research by the methods of the natural sciences” 
throughout this country and to encourage “the diffusion 
of a scientific spirit.” 

Of even greater importance has been the change in 
the practice of medicine during these years. There is 
little doubt that 


blended, a result born of dire and urgent necessity. 


now science and medicine are closely 
In no 
other group of professional workers is the scientific at- 
titude more vital or more meaningfully a matter of life 
and death. Practice today is truly clinical investigation, 
demanding at once a vigilant critique, a full understand- 
ing of the human situation and a knowledge of funda- 


As it 


excellence in 


mental scientific techniques. strives to assist in 


maintaining a high standard of clinical 
research, the Society fully serves the ends for which it 


was founded. 
It would seem most fitting to conclude the story 
of the Society’s first half century by turning to- 


ward its second with the words of this year’s 


president, Dr. John Luetscher (44), spoken on 


the fiftieth anniversary of the Society's first annual 


meeting : 


If the Society is to progress toward the promise and 
goals of its founders, their lively pioneer spirit must 
neither be drowned in excessive numbers nor immobilized 
in outdated tradition. Let us look to the next 50 years 
with a welcome to many more of Dr. Meltzer’s “brainy 
young men” and to their fresh ideas and new programs 


for this ever youthful Society. 


BRAINARD 
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SAMUEL J. MELTZER 


The initial suggestion for the founding of the American Society for Clinical Investigation came from Dr. 


Meltzer in June, 1907, and his was the guiding influence among the group of younger men who laid the actual 


plans for its organization the following year. His views regarding “what the science of clinical medicine ought to 


be” formed the basis of the ideals for which the Society has stood during its 50 years of existence. To Dr. Meltzer, 
therefore, goes the major share of credit for the Society’s establishment. Photographs of the eight other “first 
Young Turks” who, with Dr. Meltzer, comprised the Society's founding committee, appear on the following pages. 
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MINUTES OF THE Soctety’s CHARTER MEETING 





ym the Society’s first record book (the now five) in which the minutes of the 
r meeting of 1908 and all sean meetings salle 1922 were rded in lor va nd by the 
aries. The page reproduced above was written by Dr. Hier ry re Chr istiz aa served 
from 1908 to 1910. 
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LANDMARKS 


The stretch of Boardwalk in front of the 
Hotel Traymore (above) was most likely 
the setting for the informal conversations in 
which the suggestion for the Society's es- 
tablishment had its first hearing. It was 
probably at the Traymore, too, that the 
group of interested young men gathered in 
Dr. Meltzer’s room to pursue the idea fur- 
ther and to begin formulating plans for the 
new organization. Between 1917 and 1931, 
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the Society’s 12 Atlantic City meetings were 
held here. The Society was officially con- 
stituted at the New Willard Hotel (left) in 
Washington, the scene of its charter meet- 
ing of May 11, 1908. The first and sec- 
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1915 and 1916 were also convened at the 
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BETWEEN THE ACTS 


When the mass of new knowledge threatened to cause mental indigestion, the audience often ad 
journed temporarily to the Boardwalk to discuss, argue, or simply relax before returning for the next 
paper. 


YS ENTRANCE 
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AFTER Hours: DINNER AND DEBATE 


Hackney’s Shore Dinners, a traditional eating place for Society members in the “good old days,” 
was the setting for lively post-meeting discussions on Monday evenings after adjournment of the sci- 
entific sessions. The photograph above is probably of the 1920’s vintage, although Society members 
have continued to patronize Hackney’s more or less en masse up to the present. 
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INTIMATE INFORMALITY Vs. AUDIENCE ACCOMMODATION 


Some idea of the meaning of the controversy over the Society’s 1950 move to the Steel Pier Thea- 
ter can be derived from the views of the two meeting places shown above. At the top is the Viking 
Room of the Haddon Hall Hotel during one of the 1959 joint Society-American Federation for Clinical 
Research section meetings. The Viking Room, and the somewhat larger Vernon Room of Haddon Hall 
were the settings for most of the Society’s annual meetings between 1932 and 1950. The prevailing 
opinion among members active during that period is that these meeting places, in distinct contrast to 
the auditorium of the Steel Pier Theater (below) provided an atmosphere conducive to informal discus- 


sion of papers. The move to the Steel Pier was made, primarily, in response to the large postwar au- 
diences The picture of the Viking Room was taken from the back row; that of the Steel Pier auditor- 
ium, from the front row looking back. 


1834 

















PEOPLE AT AN EXHIBITION 


With the move to the Steel Pier, another feature was added to Society programs—the annual scien- 


tific exhibits. Displays of scientific instruments and apparatus were introduced on a trial basis for the 


May meetings of 1952 and 1953 and at the present time are a regularly-scheduled addition to the programs. 

hibits are solicited by a committee of the Society, with final selection being made by the president in 
a manner similar to the selection of papers for the scientific program. Displays prepared by both com 
mercial and institutional groups have been included. Pictured above is a general view of the exhibit 
lobby of the Steel Pier Theater (top) and one of the displays included on the 1959 exhibit program 
(bottom). 
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Tue Councit oF THE Socrety, 1959: OFFICERS 


Photographs of the Council were taken during the 1959 meeting. The members are: (top left) Dr. John A. Luet- 


scher, President; (top right) Dr. Saul J. Farber, Secretary-Treasurer; (bottom left) Dr. Vincent P. Dole, Vice 


President; and (bottom right) Dr. Philip K. Bondy, Editor-in-Chief of the Journal of Clinical Investigation. 





THe Counciz or THe Society, 1959: CouNcILLors 


The councillors, in order of election, are: (top left) Dr. C. Lockard Conley, 1957-1959; (top, 
right) Dr. John V. Taggart, 1958-1960; and (below) Dr. Harold S. Ginsberg, 1959-1961. 





CONSTITUTION OF THE AMERICAN SOCIETY FOR CLINICAL 
INVESTIGATION (AS AMENDED TO 1959) 


ARTICLE I. Name 


The name of the Society shall be “The Ameri- 
can Society for Clinical Investigation.” 


ARTICLE II. Obpjects 


The objects of the Society shall be the cultiva- 
tion of clinical research by the methods of the 
natural sciences; the unification of science and the 
practice of medicine; the encouragement of scien- 
tific investigation by the practitioner, and the dif 
fusion of a scientific spirit among its members. 


ARTICLE III. Memsbexsuip 


Section 1. Eligibility. 
in the United States or Canada who is less than 


Any physician residing 


45 years old, has accomplished meritorious origi- 
nal investigation in the clinical or allied sciences 
of medicine and enjoys an unimpeachable moral 
standing in the medical profession, is eligible to 
membership. 

Nomi- 
nations to membership may be made in writing to 
Such 


must be signed by two members, active or emeri 


Section 2. Nomination and Election. 


the Secretary at any time. nominations 
tus, but not by officers of the Society during their 
tenure of office. Each nomination must be accom- 
panied by (1) a statement from each of the spon- 
sors as to the qualifications of the nominee and 
(2) a list of the academic degrees, professional 
positions and publications of the nominee. All 
names thus placed in nomination prior to January 
Ist preceding each annual meeting shall be con- 
sidered by the Council, which shall pass upon the 
qualifications of the candidates and report to the 
Society for election at the annual meeting such 
names as it shall approve by a two-thirds vote. 
An affirmative vote of at least three-fourths of the 
members present shall be necessary for election. 

Section 3. The Council shall have authority to 
recommend each year to the Society the names of 
properly qualified candidates equal to the number 
of retiring Active Members, or up to the number 


of thirty-five, depending on which number is the 
larger. 

The Council shall also report to the Society a 
list of candidates whose names shall be continued 
in nomination. 

Section 4. 
fest a continuous interest in the objects of the 
Society by the following: (1) They must attend at 
(2) They must 


Obligations. Members must mani- 


least every other annual meeting. 
be active in the diffusion of the principles of the 
Society, particularly among their students and 
professional associates. 

Failure to attend two consecutive meetings 
without an explanation acceptable to the Council 
carries with it forfeiture of membership. 

Members shall be subject to annual dues as set 
forth in Article IX. 

Section 5. Privileges. Members may partici- 
pate in the business and scientific sessions of the 
Society and each may submit or sponsor one paper 
for the scientific program of each annual meeting. 
Only members are eligible to hold office in the 
Society. 

Section 6. Eapulsion. 


pelled also for reasons not especially mentioned in 


Members may be ex- 


the Constitution by a three-fourths vote of the 


total membership. The vote shall be by secret 
ballot. 
Section 7. Emeritus Members. Members who 
have reached their forty-fifth birthdays prior to 
the annual spring meeting of the Society shall 
automatically become Emeritus Members at the 
end of that meeting. Members whose member- 


ship has extended throughout five years or more 


may at their own request be transferred by the 


Council to Emeritus Membership. 
shall be 


entitled to attend all meetings, participate in the 


Section 8. Each Emeritus Member 
business and scientific discussion but may not vote 
or hold office. With respect to the scientific pro- 
gram, an Emeritus Member may introduce one 


paper by non-members, but may not appear as 
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CONSTITUTION 


author or co-author. He may also nominate mem- 


bers. He shall be exempt from dues. 


ARTICLE IV. OrFicers 


Officers of the Society shall be a President, 
Vice-President, and Secretary-Treasurer, all to 
be elected annually. The Editor-in-Chief of the 
Journal of Clinical Investigation shall be an ex- 
officio member of the Council of the Society. His 
maximum tenure of office shall be 5 years, and his 
successor shall be elected, when possible, one year 
prior to his retirement. In addition each year a 
Councillor shall be elected to serve three years. 
However, at the first meeting three Councillors 
shall be elected, one of whom shall serve one year, 


one two years, and one three years.. The order of 


retirement of the first Councillors is to be de- 
termined by lot. 
election except the Secretary-Treasurer, who may 


All officers are ineligible for re- 


be re-elected twice, the total period of continuous 
service not to exceed three years. These officers 
are to be nominated by a committe of three ap- 
pointed by the President. The election shall be 
by secret ballot. 


ARTICLE V. Duty or OFFICERS 


The duties of President, Vice-President, and 
Secretary-Treasurer shall be those usually as- 
signed to these officers. The Secretary-Treasurer 
shall also arrange for the publication of abstracts 
of papers presented at the meetings of the Society. 


ARTICLE VI. CounciL 


The Council shall consist of the President, Vice- 
Editor of the 
Journal of Clinical Investigation and the three 
Councillors. Four shall constitute a 


President, Secretary-Treasurer, 


members 
quorum. 

It shall be the duty of the Council to supervise 
the affairs of the Society, to make all the arrange- 
ments for the annual meeting, to report on the 
work of the members, to consider all nominations 
for membership and to report on them at the 
meeting at which they shall be balloted on. 

There shall be an Editorial Committee of the 
Society consisting of 15 members not more than 
one-third of whom shall be emeritus when ap- 
pointed; these members shall be elected by the 
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Society upon recommendation of the Editor-in- 
Chief in collaboration with the Editorial Commit- 
tee and with the approval of the Council. The 
members shall be elected for 5 years with three 
such appointments being made annually. Initially, 
the appointments will necessarily require the 
proper staggering. 

A chairman of this Editorial Committee shall be 
elected annually from among its members, and by 
its members, 

The Editorial Committee shall be responsible 
for the editorial policies of the Journal and the 
Editor-in-Chief. They shall 
individually and collectively be available to assist 
the Editor-in-Chief at his request, in any matters. 

In addition, Associate Editors shall be appointed 
by the Editor-in-Chief and these Associate Editors 
shall sit with the Editorial Committee at all regu- 


nomination of the 


lar meetings. 


ARTICLE VII. MeEetINGs 


The Society shall hold one general meeting 
annually, 


ARTICLE VIII. 


QuoRUM 


Any number of members at the appointed time 
of the annual meeting shall constitute a quorum 
for the transaction of ordinary business. For the 
election of members fifteen shall be necessary for 
a quorum, and for altering the Constitution forty 
per cent of the membership shall be necessary. 

ARTICLE 


IX. ANNUAL DUES 


The annual dues of the Society shall be such 
sum as the Council from time to time may fix. 
The non-payment of dues for two consecutive 
years carries with it the forfeiture of membership. 


ARTICLE X. 


CONSTITUTION 


AMENDMENTS TO THE 


Amendments to the Constitution must be pro- 
posed in writing by five members at an annual 
meeting, and must be acted upon at the succeeding 
annual meeting, notices of which shall contain an 
announcement of the proposed amendment, and 
such amendments shall require for their adoption 
three-fourths of those 


an affirmative vote of 


present. 
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HISTORY OF THE JOURNAL OF CLINICAL INVESTIGATION, 
1924-1959 


I. PERSONNEL AND POLICIES 
By ELLEN R. BRAINARD 


The Journal of Clinical Investigation bears on 
its letterhead the statement “Published and Edited 
by the American Society for Clinical Investiga- 
tion.” When its establishment was first sug- 
gested, however, there was at least an even 
chance that it would be a journal “published 
and edited by the Rockefeller Institute” instead. 
By the time the first reference to the Journal ap- 
peared in Society records—in 1924—its existence 
was an all but established fact, awaiting only the 
publication of a first issue to make it a reality. 
Plans, obviously, had been afoot considerably ear- 
lier. A small group of Society members—G. 
Canby Robinson, Rufus Cole, J. Harold Austin, 
Alfred Cohn, to mention only the principals—had 
begun to discuss the idea informally perhaps as 
early as 1916 and certainly by 1920. Dr. Robin- 
son (1) relates the story of the Journal’s origin 
as follows: 

As I recall, the idea of starting a journal originated 

. among the members who were then disturbed by 
the length of time, usually a year or more, between the 
submission of a paper and its publication. The principal 
journals available for the publication of papers on scien- 
tific clinical studies were the Archives of Internal Medi- 
cine and the American Journal of the Medical Sciences, 
although some of us published papers in the English 
journal, Heart, and in the Journal of Experimental 
Medicine. 

All of these men were in accord regarding the 
desirability of founding a new journal for clinical 
research. The problem was finding a sponsor. 
In 1921, Dr. Cole submitted a proposal for the 
establishment of such a journal to the Rockefeller 
Institute’s Board of Scientific Directors. His plan, 
set forth in a 14 page memorandum (2), called 
for a journal representing the work of the medical 
clinics to be published by the Institute as a kind 
of companion volume to the Journal of Experi- 
mental Medicine which represented, primarily, 
the work of the laboratories of the basic sciences.' 


1A copy of the memorandum was kindly provided by 
Dr. Cole. 


In the introductory paragraph of the memoran- 
dum, Dr. Cole notes that he had presented a simi- 
lar proposal to the Board some five years earlier— 
about 1916—although at that time its members 
had considered the establishment of a journal for 
clinical research inadvisable. The 1921 report, 
Dr. Cole said, was prepared on the assumption 
that subsequent developments in clinical medicine 
had been such as to warrant reconsideration of a 
journal devoted to this field. Regarding these de- 
velopments, his report read as follows: 


Up to within a very recent period the medical clinics 
of this country have taken a relatively unimportant part 
in the development of the science of medicine. While iso- 
lated observations of great value have been made by men 
engaged in clinical teaching and practice, relatively few 
consciously organized scientific invéstigations of medical 
problems have been undertaken in our university de- 
partments of medicine or by men trained in the study of 
disease at the bedside. Scientific medicine in America 
has developed in the laboratories of pathology, of physi- 
ology, of physiological chemistry, and of pharmacology. 
This is well shown by a review of the scientific medical 
journals cf this country and is in marked contrast to the 
conditions in Germany, for instance, where for the past 
80 years or more the clinics of medicine have taken an 
important part in the transformation of medicine from 
an empiric practice into a scientific discipline. 

During the past 10 years, however, there has been a 
well marked movement in this country directed toward 
the elevation of the departments of medicine of the uni- 
versities into a position more nearly approaching that 
which it is believed they should occupy on account of 
their natural relation to the phenomena with which they 
deal. This has been shown by the appointment of full 
time staffs and by the establishment in the departments 
of medicine of laboratories in which investigations can 
be carried on by the methods which have been developed 
It is therefore felt 
that the time is imminent when these modern clinics of 
medicine will seek expression in journals which take 
cognizance of this modern development. 


in the more fundamental sciences. 


In support of his contention that there would 
be ample material to fill the pages of a journal 
such as he proposed, Dr. Cole specified a number 
of university departments from which work of a 
high quality was already forthcoming and noted, 
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furthermore, that “from the Hospital of the Rocke- 
feller Institute alone, papers sufficient to fill nine 
volumes” had appeared during the previous 10 
He also directed attention to the Society 
In this connec- 


years. 
as a potential source of material. 
tion, the following excerpt is of particular interest : 


The American Society for Clinical Investigation has 
brought together a large number of the younger clinicians 
engaged in scientific investigation and a considerable pro- 
portion of the papers now presented at the annual meet- 
ing of this society is of sufficiently high grade to justify 
publication in this journal. ... It is believed by a con- 
siderable number of the members of this Society that 
it should have an independent journal for the publica- 
tion of its contributions. Experience, however, has 
shown that the best results are not obtained by placing 
scientific journals in the control of societies, with their 
changing staffs of officers and shifting ideals. The es- 
tablishment of a clinical journal by the Rockefeller In- 
stitute, it is believed, would meet the needs of the So- 
ciety for Clinical Investigation. 


Dr. Cole discussed his proposal with the In- 
stitute’s Board of Scientific Directors in April, and 
again in November, 1921.2, On both occasions, 
although response was favorable, no action was 
taken and more than a year elapsed before any 
further mention of the journal appeared in In- 
stitute records. Meanwhile, however, activity on 
other fronts had gone on apace. Of the turn of 
events which took place during this interim pe- 
riod, Dr. Cole (3) writes as follows: 


I had already (by April, 1921) been in communication 
with Canby Robinson and others and discussed with them 
the possibility of publishing the journal by the Society, 
with a subsidy from the Institute. At the time, Dr. 
Flexner was finding the publication and editing of the 
Journal of Experimental Medicine a great burden, and 
he thought the Institute should not take on any further 
responsibilities of this kind. That the Journal should be 
published by the Society with a grant from the Insti- 
tute was entirely agreeable to me and to the others who 
were interested. But there were delays in having the 
Board of Scientific Directors commit themselves and dur- 
ing this waiting period it was Canby Robinson who pushed 
the matter along and made it possible to start the journal. 


Dr. Robinson and his colleagues were given 
what amounted to ex post facto authority to ne- 
gotiate with representatives of the Rockefeller In- 
stitute when, on Sept. 15, 1923, Society President 


2 Information on the progress of Dr. Cole’s proposal 
through Rockefeller Institute channels was kindly pro- 
vided by Mr. Eugene Kone, Public Relations Consultant, 
the Rockefeller Institute, New York, N. Y. 
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C. P. Howard appointed a committee headed by 
Dr. Robinson and consisting of Drs. Austin, Cohn, 
Cole, Warfield Longcope, Francis Peabody and 
Rollin T. Woodyatt to study the formation of a 
new journal which could be affiliated with the 
Society should it approve at the next annual 
meeting. Institute authorities agreed to subsidize 
the journal, final plans were drawn up, and at its 
meeting of May 5, 1924, the Society heard and ap- 
proved the Robinson committee’s report which pro- 
vided for the establishment of “a journal to be 
called The Journal of Clinical Investigation” and 
to be made “the property and organ” of the 
Society. 

As outlined in this report and detailed in sub- 
sequent records, the editorial organization of the 
Journal was to consist of an Editorial Committee, 
an Editorial Board, and the editor-in-chief. The 
15 man Editorial Committee was designed as the 
Journal's policy making body, its members to act 
as “advisory editors” and to have authority “in 
matters pertaining to . . . general policy.” The 
Editorial Board, which consisted initially of six 
members, was to be the Journal’s managerial body. 
In his 1921 proposal, Dr. Cole had urged that edi- 
torial responsibility be exercised not by a single 
individual but by a group of four or five editors, 
each representing a special field of clinical medi- 
cine. This recommendation, essentially, was in- 
corporated in the Journal’s plan of operation. 
The editor-in-chief was to function primarily as a 
co-ordinator. Upon receipt of a manuscript, he 
would assign it to that Board member best quali- 
fied by his scientific interests to evaluate it. The 
Board member, in turn, was to determine the 
paper’s suitability for publication and, in the case 
of acceptance, to assume complete responsibility 
for editing it. 

The foregoing plan for the Journal’s organiza- 
tion, as submitted to and approved by the So- 
ciety, was complete down to the naming of the 
initial Committee and Board members and of Dr. 
Robinson as editor-in-chief. Thus, immediately 
upon receiving the green light from the Society, 
forces were mobilized and the plan put into effect. 
The first number of the new journal was dated 
Oct. 20, 1924. Subsequent numbers were issued 
in December, 1924, and in February, April, June 
and August, 1925, thereby bringing the first vol- 
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ume to a close. Its 605 pages contained 30 sci- 
entific articles, the proceedings of the Society’s 
1925 meeting, an index, and an article entitled 
“Purposes in Medical Research: An Introduction 
to the Journal of Clinical Investigation,” by Dr. 
Conan? 

Dr. Robinson continued as_ editor-in-chief 
through the publication of the first two volumes, 
terminating his editorship with the close of the 
second in August, 1926. During the following 
year, he worked closely with his successor, Dr. 
Austia, who held office until mid-1935. 

The dominant fact of Journal life during these 
years—and up to the early 1940’s—was financial 
insecurity. Only once (in 1934) was it so much 
as suggested that the brave new publication be 
abandoned altogether for lack of funds, but the 
Journal’s first 15 years were shaped by a con- 
tinual struggle to make ends meet. In one respect, 
at least, the hopes of its founders were fully justi- 
fied: there was material aplenty to fill its pages. 
Although in May, 1927, Dr. Robinson reported 
that “a large majority” of the papers submitted 
had been published and urged Editorial Committee 
members to direct appropriate material from their 
departments to the Journal, by the following year 
manuscripts were flowing in rapidly enough to war- 
rant increasing the number of pages from 600 to 
approximately 900 per year. By 1929 a consider- 
able backlog of material had accumulated. The 
ever-present threat of destitution, however, 
thwarted hopes for further expansion. As Editor 
Austin told the Board in May, 1929: 

In spite of this press of material, I advise against any 
increase in the rate of publication until all annual deficit 
at the present rate... has been eliminated. 

The “annual deficit” was attributable, primarily, 
to the brevity of the subscription list which, by 
May, 1925, amounted to a pathetic 278 as against 
the 500 predicted and the 1,000 estimated as neces- 
sary for self-support. Two years later, although 
the total had risen above 300, Dr. Austin dolefully 
told the Council, ‘““We cannot hope for more than 
700 to 800 subscribers eventually.” But “eventu- 
ally” was to be a long way off. After 10 years of 
publication the subscription list barely topped 550; 
after 15, it was an improved, but still meager, 900. 


2 This article is discussed briefly in the section dealing 
with the history of the Society, Chapter III. 
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Commenting on the Journal’s rather disappointing 
reception, Dr. Austin in his 1928 report said: 

The small size of the subscription list may probably 
be explained as follows: The published results of sci- 
entific clinical investigation such as appear in the Jour- 
nal are of the utmost importance and value to those en- 
gaged in our university clinics in similar investigations. 
... The recognition of the value of these articles by 
physicians at large in our country must inevitably, how- 
ever, take much more time and can probably be expected 
only after the practical results of such studies become 
demonstrated. Even then, it may prove that the original 
studies on which results rest may have interest for only 
a limited group. Furthermore, in our university clinics 
where library facilities are now well developed, many 
workers are supplied by the library copy of the Journal, 
so that the number consistently using (it) is undoubtedly 
larger than the number of subscribers. All of the im- 
portant medical and university libraries in this country 
and Canada are subscribers to the Journal. 

Thus, until 1940, the Journal subsisted only by 
virtue of generous contributions from external 
sources. Appropriations from the Rockefeller In- 
stitute, totaling $15,000, carried it through the 
publication of its fifth volume, completed in June, 
1928. At that time, although the Institute con- 
tinued to make sizable annual contributions until 
as late as 1936 (amounting to an additional 
$2,200), it withdrew as the Journal’s major pro- 
vider. In anticipation of this withdrawal, the 
editors had begun casting about for new bene- 
factors. Negotiating with Abraham Flexner, Drs. 
Cohn and Austin were able to secure a $4,500 
grant for 1928-29 (of which about one-third was 
refunded as unexpended balance at the end of the 
year) from the Rockefeller Foundation’s Generai 
Education Board. Further funds were made 
available when, at the request of the editors, the 
Council in 1928 raised the dues of active mem- 
bers from $3 to $10 per year with the $7 differ- 
ence going into Journal coffers and active mem- 
bers, in return, being automatically added to the 
ranks of Journal subscribers. (In 1935, another 
crisis year, emeritus members’ dues were set at 
$7 and they, too, became “compulsory” Journal 
readers. ) 

A second measure enacted at the 1928 meeting 
was aimed at enlisting the support of the uni- 
versity departments and clinics with which So- 
ciety members were affiliated. To encourage their 
assistance, a constitutional amendment creating 
the status of “associate membership” in the So- 
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ciety was introduced. It was to be open to uni- 
versities and clinics upon payment of annual dues 
(fixed by the Council at $200) which would be 
used entirely for Journal support. Although only 
four (Chicago, Michigan, Yale and Western Re- 
serve) accepted such standing in the Society, 19 
different clinics plus several sympathetic societies 
(the American College of Physicians, the Central 
Interurban Clinical Club, and the Central So- 
ciety for Clinical Research) poured a total of al- 
most $15,500 into the Journal treasury between 
1928 and 1936. 

In 1931, largely through the efforts of Dr. 
Robinson, an arrangement was worked out with 
the Chemical Foundation whereby that organi- 
zation agreed to assume responsibility for the 
conduct of Journal business affairs, an arrange- 
ment which remained in effect for nearly 10 
years. During this period, the Foundation con- 
tributed a total of $3,400 in outright subsidy and, 
in addition, bore the operating costs of editorial 
secretarial 


business offices, including sal- 


Had it not been for the depression, per- 


and 
aries. 


haps the high hopes for rapid improvement of the 
Journal's financial position entertained in 1931 


by both Journal and Foundation authorities could 
As it was, the situation, by 
letter from Dr. 


have been realized. 
1934, was extremely grave. A 
Austin to Journal and Society officers, dated 
April 5, 1934, depicted the Journal’s position as 
follows: 


In consequence cf the shrinking of support from. . . 
our clinics the budget of the Journal is becoming less 
nearly balanced each year. To date this shrinkage has 
been met by payments from our bank reserve so that the 
deficit met annually by the Chemical Foundation has not 
increased. The remaining bank reserve, $3,084.12, how- 
ever, can only last, at the present rate of issue, for an- 
other year or 18 months. 

Furthermore, the Chemical Foundation has notified us 
that economic requirements compel the Foundation to 
recognize limits in its support of publications. While it 
has set no definite limit with respect either to the 
amcunt of funds or the duration of its support . . . it has 
indicated to us that a journal to receive continuing sup- 
port must be progressing toward a self-supporting basis. 
It is impossible to contend that under our present policies 
our Journal is exhibiting satisfactory progress toward 
self-support. 


After outlining several possible courses of ac- 
tion, Dr. Austin concluded on what is perhaps the 
most pessimistic note in Journal history : 
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The course which is obviously the easiest and which 
we will follow perforce if no other experimentation is 
attempted is to continue as at present until our bank 
reserves are exhausted bringing the Journal to a close, 
I venture to predict, at about December, 1935. 


Fortunately, “other experimentation” was at- 
tempted. With the enactment of several economy 
measures and the Foundation’s continued, if re- 
luctant, support, the Journal survived and, as 
prosperity returned to the nation, Journal for- 
tunes began to improve. 

During 1935, the editorship changed hands 
twice. In May of that year, Dr. Austin, having 
served the Journal continuously from the time 
its formation was first suggested, tendered his 
resignation as editor-in-chief. Dr. John R. Paul 
was unanimously elected to the position and took 
office about July 1, 1935, but due to illness, he was 
forced to resign on July 21, 1935. Dr. Randolph 
West then accepted the editorship and held office 
until mid-1941. 

In July, 1940, Chemical Foundation officers 
notified Dr. West that although they were will- 
ing to continue managing the Journal's busi- 
ness affairs, the Foundation would not be able 
to meet any future deficit, no matter how small. 
Correspondence among Editorial Board and Com- 
mittee members and officers of the Society re- 
sulted in a decision to terminate the Journal- 
Foundation relationship and to merge the offices 
of Society treasurer and Journal business manager. 
The task of reorganizing the Journal’s business 
affairs thus fell to Dr. West and to Society Treas- 
urer, William P. Thompson. On Oct. 1, 1940, 
an agreement was signed with the president of the 
Chemical Foundation effecting a final closing of 
accounts. 

It was at this time that the Journal “adopted 
a policy of accepting reputable advertising.” 
The implication that this was a new policy 
seems a little puzzling in light of the fact that 
the original plan of operation had charged the 
editor-in-chief with responsibility for soliciting 
and approving advertisements, and that later the 
Chemical Foundation had agreed to secure adver- 
tisers. It is doubtful that the Journal ever re- 
fused advertisements as a matter of policy. Most 
likely, the practice of accepting them had simply 
died through inability to interest manufacturers of 
medical apparatus and supplies in a publication 
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with so few subscribers. In any case, in late 1940, 
Dr. West undertook to re-introduce advertising 
into the Journal’s pages. The net profit of ap- 
proximately $1,100 made from advertising in 
1941 was a significant component of the overall 
surplus with which the Journal ended that year. 
In May, 1941, Dr. James L. Gamble was 
elected to succeed Dr. West and, during the sum- 
mer, Journal headquarters was transferred from 
New York to Boston. The following year, Dr. 
Thompson retired as treasurer-business manager. 
On his recommendation, a successor was chosen 
with a view to his year-round proximity to the 
editor in order to facilitate the frequent con- 
sultation which experience had shown to be es- 
sential. Thus, in May, 1942, Dr. Charles Jane- 
way of Boston was elected treasurer and the 
Journal's business management re-united 
with its editorial offices. Testimony to the grow- 
ing size of Journal operations was the creation, 
at Dr. Gamble’s request, of the office of associate 
editor to which Dr. Allan M. Butler was appointed 
in May, 1941. Three years later, the Council au- 
thorized the appointment of two additional associ- 


was 


ates to help with the “on-the-spot” management 
of editorial affairs. Drs. Chester S. Keefer and 
Eugene M. Landis, both of Boston, were named 
at that time. The conduct of business operations, 
too, had become an exceedingly time-consuming 
task. Accordingly, when his term expired in 
1945, Dr. Janeway recommended that the So- 
ciety treasurership be separated from the position 
of Journal business manager. Dr. Robert Wilkins 
was elected to the former office and Dr. Jane- 
way continued in the latter until 1947. 

The war presented a number of special prob- 
lems, as well as some unique opportunities, in 
medical journalism. During the early years of 
the conflict, it was anticipated that there might 
be some reduction in the normal inflow of manu- 
scripts suitable for publication since many of the 
Journal's regular contributors were engaged in 
special studies of military relevance. Although 
the total number of incoming manuscripts de- 


clined in 1943 and 1944, Dr. Gamble’s reports in- 


dicate that the number of acceptable papers was 


At the same time, addi- 
tional material was made available through the 
work of military study groups. Much of this, of 


fairly well sustained. 
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course, was classified, but in some cases speedy 
publication was considered so desirable that the 
Journal was able to obtain grants for the express 
purpose of making the results available at an 
early date. During 1943 and 1944, publication of 
a number of reports of work done under con- 
tract with the Office of Scientific Research and 
Development was financed by funds from the 
Josiah Macy, Jr. Foundation. 
a 23 paper series entitled “Chemical, Clinical and 
Immunological Studies on the Products of Hu- 
man Plasma Fractionation” published in July, 
1944. This, in effect, was the Journal's first 
“supplement.” Such additions to the regular 
issue, while entailing no extra cost, did give rise 


One of these was 


to another problem—the wartime paper shortage. 
Dr. Gamble’s 1944 report contained the following 
rather amusing account of Journal efforts to cir- 
cumvent it: 


Your innocent editor was... given pause by dis- 
covering the corollary that these additional pages were 
in excess of our paper quota as prescribed by the WPB. 
With an even larger inflow of material in prospect this 
year, it became necessary to develop the temerity to as- 
sail WPB for more paper. Two offensives were neces- 
sary. The first one was beaten back but the second one 
succeeded. The Journal did not emerge from this con- 
flict without scars. For instance, it was obliged to sub- 
mit to the indignity of being called a magazine. 
mander in the field to whose durable valor we owe the 
paper which will carry us through the year was Dr. Coke 
Andrus. The Journal offers him thanks and admiration 
without limit. 


Our com- 


This was only a temporary difficulty, however. 
Beginning in 1945, additional wartime studies 
found their way into the Journal through a $6,000 
grant from the Commonwealth Fund which helped 
to defray the cost of such supplements as an 11 
paper series on “Clinical Uses of 2,3-Dimercapto- 
propanol (BAL)” in July, 1946, and a 23 paper 
“Symposium on Malaria” in May, 1948. 

A significant policy innovation made by Drs. 
Gamble and Butler was that of asking Society 
members at large, irrespective of their member- 
ship on the Editorial Board, to review manu- 
scripts. The reasons for the change, and the ad- 
vantages which seemed to accrue to it, are ex- 
plained in the following excerpt from Dr.Gamble’s 
1942 report: 

(The new policy) consists of sending papers for re- 
view to members of the Society, active or emeritus, se- 





1870 ELLEN R. 
lected on the basis of their experience with the subject 
with which a paper deals. Obviously this plan greatly 
reduces the number of papers reviewed by members of 
the Editorial Board. The lines of approach to disease 
and especially the technics employed have become so 
many and various as to make this plan seem necessary. 
We are not conscious of any disrespect to the Board in 
pursuing it. The Board would have to be several times 
larger than it is to provide an expert referee for each 
paper. We also think that we have discovered another 
and perhaps larger reason. We feel that it would be de- 
sirable for the active members to realize more than they 
do that the Journal is an undertaking of the Society and 
a very important one. 


This “wide open” reviewing policy was en- 
dowed by Journal and Society officers in 1942 
and thereafter became standard Journal practice. 
Under the next editor, Dr. Eugene B. Ferris, the 
system was considerably extended. By requiring 
authors to submit papers in duplicate, the editors 
were able to obtain two evaluations of each manu- 
script. An increasing number of these were so- 
licited non-members, 
Journal to seek the advice of a group of critics 
more numerous and more diversified in scientific 


from thus enabling the 


specialties than that afforded by the membership 
alone. A growing proportion of manuscripts were 
returned to the authors for revision and it soon 
became apparent that the new reviewing policy 
had added another dimension to the Journal’s 
editorial functions, that of providing contributors 
with critical evaluation of their work over and 
above the judgment implied in the rejection or 
acceptance of a paper. 

Dr. Gamble presented his resignation to the 
Council at the 1946 meeting. The appointment of 
Dr. Eugene B. Ferris of Cincinnati was approved 
by the Society in May, 1947, and in midsummer 
of that year, the Journal changed hands. Dr. 
Gamble’s term, which had begun shortly after 
the reorganization of the Journal's business man- 
agement, ended with another major reorganiza- 
tion, this one involving the editorial department. 
Between the May meetings of 1946 and 1947, a 
committee under the chairmanship of Dr. George 
Thorn which had been appointed “to review and 
clarify all aspects of the relationship between the 
Society and the Journal” worked with Dr. Gamble 
and Editor-Elect Ferris in conducting a thorough 
reappraisal of Journal structure and policies. In 
substance, the committee’s recommendations, pre- 
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sented in the form of constitutional amendments 
and adopted by the Society in 1948, were as 
follows: 


1. The Editorial Board should be abolished. 

2. Policy-making and reviewing responsibili- 
ties should be combined in a redesigned Edi- 
torial Committee consisting of 15 members of 
whom no more than one-third should be emeritus 
at the time of appointment. 

3. The editor-in-chief should be an ex officio 
member of the Council and, in order to keep the 
number of Council members the same, the offices 
of Society secretary and treasurer should be com- 
bined. The editor should serve a maximum of five 
years and a successor should be chosen, when 
possible, one year prior to the incumbent’s sched- 
uled retirement. 

4. Associate editors should be appointed by the 
editor-in-chief and should sit with the Editorial 
Committee at all regular meetings. 


One of the first problems confronting Dr. Ferris 
and his associates, Drs. I. Arthur Mirsky and 
William B. Bean, was that of modernizing the 
Journal’s business operations. During its six year 
sojourn in Boston, the Journal had grown from a 
barely self-supporting enterprise to a substantial 
business undertaking. It soon became apparent to 
the new editors that the bookkeeping methods and 
facilities which had been appropriate for an ear- 
lier period were inadequate for 1947. Accord- 
ingly, they hired a certified public accountant and 
lawyer as a consultant and, with his help, the 
Journal received a financial face-lifting. Its af- 
fairs were set in order, the real value of its ac- 
counts and property determined, and a modern, 
double-entry bookkeeping system instituted. In his 
1948 report to the Council, Dr. Ferris expressed the 
opinion that the time had come when the services 
of a professional business manager were required. 

The steady rise in circulation which had begun 


during the war continued—between 1946 and 
1951, the number of subscribers doubled reaching 
nearly 4,000 by the end of Dr. Ferris’ term. The 
resulted 


small advertising income which had 
from Dr. West’s campaign in 1940 had been suc- 
cessfully encouraged by Dr. Gamble during the 
first years of his term. Even before he assumed 


office, Dr. Ferris had begun casting about among 
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the drug houses of the country for additional ad- 
vertisers. It was his hope that he might induce 
a select group of firms to commit themselves to 
taking space in each issue for a period of from 
three to five years. To this end, he prepared a 
letter to potential advertisers and, along with it, 
a prospectus of the Journal in which he empha- 
sized the fact that its influence was far more ex- 
tensive than its circulation. 

As a result of this campaign, which Dr. Ferris 
described in his 1949 report as “moderately in- 
tense,” income from advertising rose during 1948 
by about one-third over the previous year. In 
1949, the editors stepped up their efforts to a high 
pitch with an “extensive” campaign, but response 
was unimpressive. Despite Dr. Ferris’ argu- 
ments, the Journal’s low circulation figure was 
still regarded as the major deterrent. Conse- 
quently, he set out to prove that “the size of the 
subscription list is not an adequate index of the 
potential market represented by the subscribers.” 
To this end, a survey was conducted among 2,627 
Journal readers designed to elicit detailed in- 
formation regarding the amount of money they 
were instrumental in spending for apparatus, 
chemicals, biologicals, drugs and books. On the 
basis of a 29 per cent response, which Dr. Ferris 
believed to be a “fairly representative sample,” he 
estimated that Journal subscribers were responsi- 
ble for the expenditure of approximately $50,000,- 
000 annually (although it should be noted that the 
survey did not eliminate the possibility of duplica- 
tion due to overlapping responsibility). Potential 
advertisers were once again circularized and in- 
come from advertising began to show a gradual 
gain which was considerably enhanced when, in 
January, 1950, the Journal began publication on 
a monthly basis. 

Dr. Stanley E. Bradley succeeded Dr. Ferris as 
editor-in-chief in mid-1952. Under Dr. Bradley, 
and under the present editor, Dr. Philip K. 
Bondy, there have been few major changes in 
Journal policies and operations. This fact is per- 


haps a tribute to the success with which Dr. Fer- 


ris and his associates had guided the Journal 
through its transition from an amateur under- 
taking to a large-scale enterprise conducted on 
an efficient, professional level. The streamlining 


of operations envisioned in the 1947 reorganiza- 
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tion plans was, in large measure, realized during 
the Journal's five years in Cincinnati. The story 
of its development since then can be told almost 
entirely in statistical terms: a continuing growth 
of the subscription list; a slowly rising income 
barely keeping pace with rising productior costs ; 
a substantial gain in the number of manuscripts 
submitted each year and a concomitant growth in 
the average size of volumes. 

The latter point is deserving of special mention. 
Following the wartime slump experienced after 
1943, papers began to flow into the editorial office 
in greater and greater numbers. During Dr. 
Bradley’s first full year as editor (1953) the total 
reached an all time high of 336, an increase of ap- 
proximately 30 per cent over 1952. Although this 
was an unusually large jump, the upward trend 
has continued—in 1958 a total of 417 papers was 
submitted and a new editorial problem created 
thereby. 

Over the past eight years, the proportion of 
manuscripts considered suitable for publication, 
with or without revision, has remained approxi- 
mately constant. All indications are that the total 
number of incoming papers will continue to in- 
crease each year. If the percentage of those even- 
tually accepted fails to change, it may become nec- 
essary once again to take considerations of space 
into account in making editorial decisions. This 
is not really a new problem, but an official policy 
of rejecting acceptable material for lack of space 
would be a new solution. 

During many of its insecure years, Journal edi- 
tors were forced to limit contents in accordance 
with available funds. As far as is known, how- 
ever, they accepted papers on the basis of merit 
alone, maintaining a backlog to be published when- 
ever finances permitted rather than turning worthy 
material down. Furthermore, they endeavored to 
keep the size of each issue fairly uniform, pre- 
sumably in order to spread expenditures evenly 
over the year. 

Since 1947, the size of the Journal has ex- 
panded and contracted primarily as a function of 
the amount of available material, but the ever 
higher costs of publication have kept pace with 
gains in total income and, in some years, have 
outstripped them. As Dr. Ferris pointed out, the 
Journal was caught in the rather anomalous situa- 
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tion of successful expansion resulting in decreased 
net income. Although its assets were consider- 
able, the editors deemed it inadvisable to utilize 
reserves for current expenses and for this reason, 
obtained authority to raise subscription rates for 
the year 1951. 

The same cycle has repeated itself since then. 
In his 1954 report, Dr. Bradley stated that a back- 
log was not maintained, manuscripts being sent to 
the press when they were accepted and the size of 
each issue varying accordingly. During the first 
three years of his term, the Journal operated at a 
loss and, in 1957, subscription rates were once 
again elevated. This provided temporary relief, 
but as Dr. Bondy pointed out in his report this 
year : 

Our popularity raises a considerable financial problem. 
The Journal has always accepted for publication what- 
ever manuscripts were considered suitable by the Editorial 
Board without permitting considerations of available 
space to enter into the decision. We have also attempted 
to present all of the evidence, even when this meant the 
publication of expensive tables and figures. If this de- 
sirable attitude is to continue, it is clear that the Journal 
will find it increasingly difficult to remain solvent. 
Perhaps a historical perspective offers some sol- 
ace: although the difficulties of remaining solvent 
have a very familiar ring, the experience of the 
past indicates that Journal editors are skillful in 
finding ways to surmount them. 

The “administrative” history of the Journal, 
thus brought up to date, is only a part of its story, 
standing as background to the 37 completed vol- 
umes which contain the lasting results of its 35 
years of publication. Unlike many scientific or- 
gans, the Journal has confined its textual con- 
Such 
journalistic sidelights as editorials, letters to the 


tent to matters of strict scientific substance. 


editors, book reviews, and review articles have 
been virtually absent from its pages. There are 
a few exceptions—Dr. Cohn's “Introduction” in 
the first issue, two obituaries (Dr. Francis Pea- 
body in 1927 and Dr. Ferris in i958), Dr. Austin’s 
history of the Society published in 1949—but 
these are rare. Even the addresses of Society 
presidents were excluded until 1938, and since 


then an occasional president has refused to submit 
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his remarks on the grounds that they consume 
precious space which might better be used for the 
dissemination of scientific information. Perhaps 
the most notable departure from this philosophy 
was that displayed by Dr. Ferris with the intro- 
duction of a feature entitled “Letter from the Edi- 
tors.” Its insertion into the Journal’s pages was, 
as might be expected, a rather controversial mat- 
ter and the feature was discontinued by Dr. Brad- 
ley when he succeeded to the editorship in 1952. 
Primarily, the “Letters” were designed to answer 
frequently recurring questions regarding Journal 
operations or policies. One, for example, de- 
scribed the manner in which manuscripts were 
processed in an effort to explain why some delay 
between submission and publication was unavoid- 
able (4). Another (5) discussed plagiarism in 
scientific writing, noting the occasional paper re- 
ceived by the editors which contained large sec- 
tions lifted directly from the writing of another in- 
vestigator, and reminding contributors of their ob- 
ligation to give credit where credit was due. 
One of the most interesting of the letters (6) 
dealt with another frequent question: “What is 
and what is not clinical investigation?” The Edi- 
tors approached their answer by describing some 
of the stages through which clinical investigation 
had been carried on. Changes in the focus of in- 
terest among investigators, such as those outlined 
in the “Letter,” are more fully documented by the 


steady succession of reports from clinic and labora- 
tory which has found its way into the pages of the 
Journal during its 35 years of publication. An 
analysis of its scientific contents, thus, reveals 
many of the varying answers which have been 
given to the question, “What is and what is not 
clinical investigation ?” 
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HISTORY OF THE JOURNAL OF CLINICAL INVESTIGATION, 
1924-1959 


Il. SCIENTIFIC CONTENTS 


By PHILIP K. BONDY, M.D. 


Editor-in-Chief, Journal of Clinical Investigation 


The most interesting aspects of the history of 
the JouRNAL oF CLINICAL INVESTIGATION are 
those pertaining to its contents. Since the editors 
have, from the beginning, printed unsolicited 
manuscripts, the subjects of the papers which have 
been published have depended to some extent on 
the interests and attitudes of its authors. One 
might speculate at length as to what passes through 
an author’s mind when he decides where to send 
his manuscript. Certainly, such considerations as 
the nature of the article, the audience for which it 
is intended, the probability of its acceptance, and 
the prestige of the journal as compared with others 
in the field enter into his decision. Undoubtedly 
all of these factors have influenced the material 
available to the editors of the Journal. The inter- 
ests and critical abilities of the editors have, in 
turn, modified the selection of the articles which 
have finally been accepted. In order to evaluate 
the pattern which has resulted, I have reviewed 
briefly the contents of the Journal over the past 35 
years. I have paid particular attention to evidence 
of changing interests of the contributors and to the 
introduction of new attitudes and techniques into 
the field of clinical investigation, as mirrored by 
the articles published by the Journal. 

One of the most clear-cut results of this survey 
is the unexpected fact that little change has oc- 
curred through the years in the distribution of 
articles among most of the major fields of interest. 
Within fairly narrow limits, the percentage of 
papers dealing with problems in gastroenterology, 
infectious diseases or the processes of metabolism 
has remained unchanged. There has, however, 
been a gradual reduction in the proportion of pa- 
pers dealing with the circulatory system. Since 
“competing” specialty journals in all of these 
fields began publication after the establishment of 
the Journal, it appears that the availability of other 
channels for diffusion of scientific knowledge has 


had a variable effect on what is submitted to the 
Journal for publication. 

The major interests of our authors have, of 
course, changed with the years, but certain prob- 
lems appear to have exerted a continuing fascina- 
tion on clinical investigators. Throughout its 35 
years, the Journal has carried papers concerned 
with such topics as the measurement of body fluid 
compartments, the factors regulating the balance 
of electrolytes, the mechanism of edema and as- 
cites formation, the nature of “‘shock” and factors 
which determine its reversibility, the cause of ar- 
terial hypertension, and the measurement and 
clinical significance of a variety of pulmonary func- 
tions. Although the methods which have been 
brought to bear’on these subjects have evolved 


greatly, satisfactory answers to certain of the 
In other 
cases (such as those concerned with body fluid 


problems have still not been obtained. 


compartments) the determination of acceptable 
normal values has been followed by investigation 
of clinical and physiological situations of increas- 
ing complexity. The introduction of new tech- 
niques has usually called for re-investigation of 
previously determined data. For example, plasma 
volume was first investigated by the dyes “brilliant 
vital red” and later with “Evans blue” (T-1824), 
introduced into clinical investigation by Gibson 
and Evans, I. clin. Invest., 1937, 16, 301. The re- 
sults obtained by these methods were later con- 
firmed by measuring the distribution of I'*'-la- 
beled human serum albumin (Crispell, Porter and 
Nieset, 1950, 29, 513) and by the use of radioiron 
or chromium-labeled erythrocytes (Sterling and 
Gray, 1950, 29, 1614) combined with the hemato- 
crit. 

Although these general topics have continued to 
occupy the attention of our authors, the degree of 
interest in the different problems has varied as 
techniques have changed, and as external influ- 
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ences have provided impetus for special “practical” 
studies. The investigation of shock, for example, 
was greatly expanded during the Second World 
War and the Korean War. The intensive study 
of agents to protect against arsenical poison gases 
resulted in the publication of a mass of material 
related to “British Anti-Lewisite,” which ap- 
peared as a supplement to the Journal. The war- 
time interest in blood preservation and the thera- 
peutic use of plasma, either in its native form or 
after fractionation, resulted in a flood of papers 
related to these subjects. Our authors have al- 
ways been interested in the study of infectious dis- 
eases, but the mobilization of large numbers of 
soldiers and their maintenance in tropical regions 
sparked a particularly intense study of such dis- 
eases as infectious hepatitis, malaria and influenza. 
Although some of these manuscripts were gathered 
into special supplements, many appeared sepa- 
rately in the general pages of the Journal during 
the later part of the war and immediately there- 
after. 

Certain other topics have apparently been of 
interest for only restricted periods of time. If one 
divides the past life of the Journal into three parts, 
beginning in 1924, 1938 and 1948, it becomes ap- 
parent that certain issues which occupied the en- 
ergies of investigators during the first period had 
ceased to interest them in later periods. Studies 
of the electrocardiogram, for example, have oc- 
cupied only a very small amount of space in our 
pages during recent years, although when the 
Journal first began publication, many papers were 
concerned with the mechanisms and interpretation 
of cardiac electrical phenomena. A great deal of 
attention was paid to the measurement and evalua- 
tion of the concentrations of plasma electrolytes 
and proteins in the early years. The pioneering 
work (Volumes 1-11) of J. P. Peters, F. W. 
Sunderman, J. H. Austin, and their colleagues in 
adults, and of A. F. Hartmann and D. C. Darrow 
in children, applied scientific principles to the 
study of the changes of body composition in dis- 
ease states, and laid the foundation for modern 
clinical chemistry. The application of similar tech- 
niques by Atchley, Loeb, Richards, Benedict and 
Driscoll (1933, 12, 297) to the study of diabetic 
acidosis underlies all modern concepts in the treat- 


ment of this disease. Laboratory methods intro- 
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duced by these and other workers have proved so 
successful in the clinic that they have tended some- 
what to supplant the Oslerian tradition of bedside 
diagnosis. The gradual progression of these 
techniques from the experimental laboratory to 
the routine care of patients represents a triumph 
of the principles to which the Society and the 
Journal are dedicated. But, as these methods met 
with widespread acceptance, they have ceased to be 
of much interest to those in the forefront of medi- 
cal research. Very little material related to the 
concentration of plasma electrolytes and proteins 
has appeared in the pages of the Journal during 
the second two periods of its existence. Similar 
remarks might be made regarding the evaluation 
of tests of gastric analysis or the mechanism of 
action of the anti-anemic fraction of liver extract. 
The latter returned to a position of interest, how- 
ever, when the isolation and characterization of 
vitamin B,, provided an opportunity for the spe- 
cific studies of utilization and transport which have 
appeared in recent years. 

The study of renal physiology has pursued an 
interesting pattern. During the early years, the 
study of urine morphology and the total quanti- 
ties of various urinary constituents occupied most 
of the interest of our authors. With the introduc- 
tion of the urea clearance technique, interest in 
renal function began to assume a somewhat more 
modern aspect. It was not until the second pe- 
riod of the Journal's life, however, that the intro- 
duction of specific renal clearance techniques such 
as the inulin clearance (Shannon and Smith, 1935, 
14, 393), diodrast clearance and para-amino hip- 
purate clearance (Smith, Finkelstein, Aliminosa, 
Crawford, Graber, Goldring, Chasis, Ranges and 
Redish, 1945, 24, 388 and 583) inaugurated the 
flowering of renal physiological investigation which 
continues to the present. 

From 1938 to 1948 new problems occupied our 
authors. During this time, the ballistocardio- 
graph was studied intensively. The relation of 
the kidney to hypertension was investigated by 
elucidation of the renin system. The relationship 
between streptococcal disease and rheumatic fever 
was elaborated. New methods permitted a study 
of the nature of the plasma lipids and their change 
in disease. The sulfonamides, followed by penicil- 


lin and streptomycin, came in for increasing atten- 
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tion. The pattern of medical science and clinical 
practice was changing so rapidly during this pe- 
riod that often by the time studies were published 
they were somewhat outdated. For example, the 
highly informative paper by Wood (1940, 19, 95) 
on the clinical estimation of antiserum titer in pa- 
tients with pneumonia appeared after the develop- 
ment of sulfonamides and penicillin had begun to 
render interest in antipneumococcal serum of only 
theoretical interest. 

The recent interest in the application of radio- 
active substances to the measurement of physio- 
logical processes was foreshadowed by the experi- 
ments of Blumgart and Weiss, who used radium-C 
to measure the circulation time (1927, 4, 15). 
Aside from their series of experiments, which 
lasted until 1930, however, radioactive measure- 
ments were not used until the late 1930's. The 
real spurt of interest in the techniques made pos- 
sible by these substances, however, belongs to the 
postwar period. During the past 10 years, few 
fields of experimental medicine have escaped the 
influence of the counter or mass spectrometer. 
The availability of isotopic tracer substances has 
encouraged another recent development, namely 
the introduction of elaborate mathematical sys- 
tems for the treatment of kinetic data which could 
be derived from such tracers. In leafing through 
the pages of the Journal, one is struck by the 
rarity with which mathematics was applied to 
the analysis of experimental data during the first 
two-thirds of the Journal’s existence. Even the 
use of statistical analysis, a shibboleth of present 
scientific writing, did not appear until about the 
twelfth volume (1933) when Starr, Collins and 
Wood defined for their (presumably statistically 
naive) readers such parameters as the standard 
deviation, coefficient of correlation, slope of a re- 
gression line, and so forth. In the beginning, 
when mathematics was applied, it often took the 
form of a simple repetition of basic laws of physics, 
usually dealing with pressure, flow, viscosity and 
The 
introduction of differential equations to our pages 


other parameters of the circulatory system. 


has been a recent and (for some) traumatic ex- 
perience. It is little solace to reflect that the math- 
ematics commonly employed by our authors is 
usually of a variety which mathematicians find 


most pedestrian. It seems likely that the present 
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trend toward the erection of mathematical models 
will expand, and that the days of simple arithmeti- 
cal innocence are gone forever from our pages. 

Experimental techniques have changed during 
the past 35 years, but not, perhaps, so basically as 
might have been expected. We still have today, 
as we did in the beginning, the metabolic balance 
study, the Fick Principle, and the epidemiological 
study. The application of these methods is some- 
what different, however. Whereas, in earlier 
days, one studied the balance of sodium or nitro- 
gen, one is now likely (in addition) to study the 
balance of steroids, amino acids, trace metals or 
vitamins. No longer does the cardiologist venti- 
late his subject with ethyl iodide; he transfixes 
him with a cardiac catheter instead. But he still 
applies the time-honored mathematics of Fick 
(published elsewhere in 1870). The fact that 
many of the early papers concerned with the de- 
velopment of the cardiac catheter technique were 
published in this Journal (Cournand, Riley, Rich- 
ards and their co-workers, Volumes 24-28) prob- 
ably accounts for the presence of papers which 
have expanded and extended the methods to in- 
clude the study of congenital heart disease (Dex- 
ter, Haynes, Burwell, Eppinger, Seibel and Evans, 
1946, 26, 547), estimation of hepatic blood flow 
(Bradley, Ingelfinger, Bradley and Curry, 1945, 
24, 890), coronary blood flow and extraction of 
various substances by the kidney. But all of these 
extended catheterization methods still hark back 
to Fick. 

The study of infectious disease, especially in its 
epidemiological aspects, has changed very little, 
but the weapons now used are virus isolations and 
complicated immunological techniques, whereas 
years ago bacterial cultures and fairly simple anti- 
body tests were used. 

As clinical researchers have become increasingly 
basic-science minded, they have tended to intro- 
duce an increasing interest in biochemistry and 


particularly in enzymology, specific chemical iso- 
lations and accurate fractionation procedures. An 


interest in enzymes has been present from the be- 
ginning, but originally it was the digestive en- 
zymes which were studied. Later, the presence of 
certain enzymes in the blood was related to disease 
processes. A case in point is the description, by 


Gutman and Gutman (1938, 17, 473), of the ele- 
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vation of serum acid phosphatase in patients with 
metastasizing prostatic cancer. Other enzymes 
have entered the picture until at present the study 
of plasma enzymes is, in itself, an overwhelming 
preoccupation of a certain part of the medical 
The Journal has recently published 
a number of papers concerned with this phase of 


community. 
clinical research. But more basic has been the in- 
creasing number of papers which have applied th 
disciplines of enzymology to the explanation of 
disease processes. For example, we have recently 
published several papers concerned with the re- 
lationship of the anaerobic metabolism of carbo- 
hydrates in erythrocytes to hemolytic disease. 

The interest in purification and fractionation of 
complex biological substances is, perhaps, best ex- 
emplified by the extensive studies concerned with 
the separation of the various protein fractions of 
plasma. Most of the papers emanating from the 
laboratory of Cohn and his successors have ap- 
peared in the Journal; indeed, an entire supple- 
ment was devoted to them in 1944. The expan- 
sion of this type of study to provide information 
about the protein-binding of trace substances such 
as iron and copper, and to supply useful products 
such as antihemophilic globulin, gamma globulin, 
fibrin, fibrinogen and albumin, is a story which has 
been written, for the most part, in the pages of the 
Journal. 

Considering the fact that the Journal was estab- 
lished specificially to publish the results of investi- 
gations of clinical problems, it is not surprising 
that most of the material published in its pages 
can be related in some way to disease processes or 
to the establishment of normal values against 
which impaired function may be measured. There 
has, however, been a notable paucity of papers con- 
cerned with the presentation of clinical observa- 
tions based on bedside observation. Moreover, 
such observations have tended to become even 
rarer as the years have progressed. In spite of 
this, purely clinical papers continue to appear oc- 
casionally in the pages of the Journal, usually in 
conjunction with a related experimental or epi- 
demiological study. The plaintive comments of 
some of our readers that “there is nothing very 
clinical about the JCI any more” are not supported 
by the facts. Many of the studies reported in 


these pages have originated in attempts to answer 
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clinical questions. The continuous progress of 
clinical medicine has been based on apparently 
“impractical” scientific studies of disease. 

From the very beginning, the editors have at- 
tempted to publish only “worthwhile” papers. 
Since mere repetition of previous studies is not 
likely to be rewarding, most of the material in the 
Journal represents a “first” (or at least a fairly 
close “second” ) of some sort or other. It is un- 
doubtedly brash, therefore, for me to attempt to se- 
lect from our archives specific papers which seem 
particularly important. In spite of this, I have 
been so impressed by the impact of a few of the 
papers on present scientific or clinical thought and 
practice that I could not refrain from singling out 
I have already 
cited some of them. Others, which were published 
within the past 10 years or so, are so recent that 


one or two for particular mention. 


it seems too early to single them out. But among 
the early papers were several more which seem 
worth mentioning. 

The introduction of a new viewpoint may be of 
great importance. The diagram of the plasma 
ionic pattern in a paper by Gamble and Ross on 
page 419 of Volume I must represent one of the 
very earliest uses of what later generations of 
medical students were to know as the “Gamble- 
gram.” 

The fact that parathyroid hormone exerts a 
primary effect on the renal excretion of phos- 
phorus was described by Albright, Bauer, Ropes 
and Aub (1929, 7, 139). 


of calcium metabolism and parathyroid function by 


The subsequent studies 


these and other authors resulted in a remarkable 
piece of scientific investigation and cross-country 


cooperation when a pair of papers were published 
by Hannon, Shorr, McClellan and Dubois (1929, 
8, 215) and Bauer, Albright and Aub (1929, 8, 
229) describing the same patient, Captain Charles 


Martel, who represented the first case of hyper- 
parathyroidism diagnosed in the United States. 
The “iron lung” is a familiar (and, we hope 
vanishing) piece of apparatus in most hospitals. 
It first saw light in the laboratories of Dr. Philip 
Drinker, and was launched in the Journal 
(Drinker and Shaw, 1929, 7, 229). 
longed studies of acidosis in children carried out 


The pro- 


in Hartmann’s laboratory culminated, in a prac- 
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tical sense, in the introduction of the use of sodium 
lactate for the treatment of acidosis in children by 
Hartmann and Senn (1932, 11, 327). 

If these selections seem biased and arbitrary, it 
must be remembered that they are personal. 
Other reviewers would doubtless select other pa- 


pers, for there is a huge store of information in 
the past issues of the Journal. A large part of 
this information is still as fresh and valid as it was 
years ago when it first was published. This con- 
tinuing value arises from the high standards set 
by the editorial committees in conformity with 
the objectives of the Society. The Journal has 
been one of the most important vehicles for the 
expression of the Society’s ideals, and (together 
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with the annual meetings) has kept constantly 
alive the principles of excellence which impelled 
the founding fathers to form the Society. The 
struggle to maintain high standards has not al- 
ways been easy, and the fact that they have been 
sustained is a tribute to the authors, reviewers and 
editors who have labored to bring this about. 
If your present editor ends this brief note with a 
feeling of pride it is for the traditions of the in- 
stitution which he serves, rather than for any per- 
sonal feeling of accomplishment. And this pride 
can be shared, not merely by members of the So- 
ciety, but by all who have contributed to the prog- 
ress of medicine in the past years, in whatever 
capacity they may have functioned. 
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